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Test  Performance  of 

Total  Life  Tests 

Useful  Life  Tests 

Use  in  Lighthouses  and  Light  Ves- 

sels 

Use  in  Street  Lighting 

Value  of  Tests 

Vapor  Tube 2 — 145, 

Lecture  Course  in  Illumination 

Legislation,  Lighting i — 102,  5 — 484, 

Lenses,  Classification  of  in  Lighthouses. . , 
Light: 

Aid  to  Animal  Growth 

Artificial,    as    an    Aid    to    Plant 

Growth.. 6 — sii,    7 — 570,    7 — 581, 

Artificial,  Effect  on  our  Eyes 

Colored 


1 — 21 
I— 13 
8—763 
8—753 
7 — 679 
3—239 
I— 14 

7 — 60s 
3—308 
9 — 786 

I— S 

7-592 

7—604 


-Colored,  Use  in  Flicker  Photometry 
2—174. 

-Composition  of,  Effect  on  Ocular 
Functions 

-Cost  of 1 — 23, 

-Damage  Caused  by,  in  Natural 
History  Museums 

-Development,  Status  and  Pro- 
blems of 

-Hygienic  Value  in  Offices 

-Intensity  of,  Effect  in  Photometry. 

-Measurement  of i — 104, 

-Physics  of 

-Projection  of i 

-Proposed  Definition  of 

-Rating  of,  Effect  in  Photometry . 


I — 22 

6— 5 14 
1—8 
I — 13 
I — 10 

3—241 
7 — 610 
I— 18 
7—596 
2 — 223 

6—554 
3—253 

8 — 721 

8—721 
4-335 
7-578 

2—193 

7-572 
9—785 

3—237 

2 — 214 
1—93 
2—159 
3—308 

7 — 651 
o — 884 
I — 48 
2—165 


Sources  of,  in  Lighthouse  Service . .  3 — 255 

Time  Required  to  make  Visual  Sen- 
sation   7 — ^fi 

Units  for  Designating  Wave  Lengths 

of 1—^9 

Use  of,  for  Treatment  of  Diesase . . 

I — 3.  10 — 883 

Versus  Energy i — 70 

^Wave  Length  of.  Effect  in  Photo- 
metry   2 — 1S9 

Lighthouses  and  Light  Vessels. 

Buoys  and  Makers 3 — 263 

General  Construction  of 3 — 258 

Geographical  Range  of 3 — 242 

Lighting  Features  of 3 — 241 

Light  Sources  of 3 — 25s 

Optical  of  Luminous  Range  of 3 — 246 

Optical  Systems  in  Use 3 — 249 

Lighting. 

Art  Museum,  Cost  of 2 — 130 

Artificial,  Effect  on  our  Eyes 4 — 325 

^Artificial      Vs.      Daylight .  2 — 1 1 7, 

•  •  •  • 2— 119,  4-325 

Aviation 6 — 511 

Colored 7 — 57$ 

Cost  of  Artificial  2 — 122,  7 — 578,  9 — 785 

Cost  of  Industrial 7 — 578 

Cost  of  Natural 2 — 121,  9 — 785 

Definition  of i — 50 

Dining  Room 7 — 687 

Effect  of  Daylight  Intensity  on . . .  i — 36 

Equipment,  Depreciation  of,  due  to 

Dirt 7 — S7I 

Exterior,  Progress  Report 7 — 619 

Factories  and  Workshops.  .3 — 307, 

4—387.  7—576,  9—788 

Fixture  Market,  1923 i — 104,  2 — 226 

From  Windows 7 — 574,  7 — 579 

Gas  (See  Gas  Lighting) 


-Hospital  Operating  Room 9 — 846 

-Industrial,    Present    Standards    of 

Efficiency 9 — 783 

-Interior,  Progress  Report 7 — 624 

-Iron  and  Steel  Industry.  .  .7 — 572,  9 — 824 

-Legislation.! — 102,  5 — 484,  6 — 554,  7 — 577 

-Lighthouses  and  Licht  Vessels 3 — 241 

-Motion  Picture  Studios 2 — 143 

-Motion  Picture  Theatres 5 — 413 

-Motor     Vehicles..! — 29,     2 — !i!, 

2 — 208,  2 — 213,  2 — 221,  5 — 486, 
-Museums.  .3 — 237,  4 — 338,  6 — 51a, 
-Office ! — 93, 


7—569 
6—515 
2 — 128 

3—305 
9 — 801 


-Post  Offices,  Standardization  of  in. 

-Power  Stations 7 — 575, 

-Rnilrond  Terminal 3 — 309 

-Railway  Car 7—573.     8—748 

-Relation  to  Industrial  Safety 10 — 881 
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-Relation    to 


Production .  .  4- 
7- 


-387, 
-576, 


-Residence 

-Schools 

-Signs 

-Silk  Industry 

-Stage 

-Street.  .1 — 3. 

308,  4—329. 

580,  7 — 610,  10- 
-Window , 


-487,  7— S77, 
4—329, 


2 — 148, 

I— 105,  3 — 239,  3 — 

5 — 409,   7 — 569.    7 — 

-881,  10 — 88s,.  .  . 


Lithopone: 

Chemical  Composition  of . . . 

Use  of 

Local  Representatives: 

^Appointment  of 

General  Secretary's  Report. 


List  of Nos.  i-io, 

Low  Voltage  Gas  Filament  Lamps 

Lumen,  Definition  of 

Lumen-Hour,  Definition  of 

Luminaires: 

Aesthetic  and  Utilitarian  Value  of . 

Definition  of 

Depreciation  of,  due  to  Dirt 

Fixture  Market,  1923 i — 104, 

Hospital  Lighting 

In  Art  Gallery  Service 

Progress  Report 

Statistics  of  Manufacture 

Luminosity  Curve,  Definition  of 

Luminous  Efl&ciency,  Definition  of 

Luminous  Flux,  Definition  of 

Luminous  Intensity,  Definition  of 

Lux,  Definition  of 


9—787 
7—687 
10 — 976 
4—382 
7—679 
5- 419 


10 — 938 
5—488 

4—344 
4—358 

8—771 
10 — 966 
pIII 
8—763 
1—49 
1—50 

6—525 
I— SI 
7—571 
2 — 226 
9 — 848 
6— SIS 
7—637 
4—331 
I— 51 
I— 51 
1—49 
1—49 
1—49 


Revised  Specification  of ... .  i — 29, "  7 — 569 

-Tail  Lamps.  I — 30,  2 — 208,  2 — 213, 

5 — 486,  10—949 

Tail    Lights    and    License    Plates 

(Editorial) 2 — 1 1 1 

Museums: 

Art,  Cost  of  Lighting  in 2 — 130 

Art,  New  Developments  in  Lighting 

of 6 — 51S 

Effect  of  Artificial  Light  on  Color  in 

4 — 328,  6—512 

^Windowless,  Forecast  for  Future...  3 — 237 

National  Illuminating  Committee  of  Great 

Britain 6—556 

Neon  Lamps: 

Coming  of 3 — 238 

Use  of,  on  a-c.  Circuits 3 — 308 

News    Items:     i — 102,    2 — 223,    3 — 315, 
4—398,    5— 484,    6—554.    7—699. 

8—774.  9—873 

Nomenclature  and  Standards  (See  Com- 
mittees) 

Ocular  Functions,  Effect  of  Composition 

of  Light  on 7 — 572 

OflBce  Lighting 

Hygienic  Value  of i — 93 

Suggested  Improvements  in i — 95 

OflBcers  and  Council,  List  of No.  i-io,  p  I 

Oflttcial  Representatives  to  other  Organizations: 

Appointment  of 8 — 771 

List  of No.  I-IO,  p  III 

Oil  Paints  (See  Paints) 

Operating  Room  in  Hospital,  Lighting  of . .  9 — 846 


Machinery: 

Painting  of,  as  an  Aid  to  Illumina- 
tion   4— 355 

Mechanical  Equivalent  of  Light,  Defini- 
tion of I — 51 

Members,  New.  .1 — 100,  2 — 218,  3 — 313, 
4—396,  5 — 483,  6— SSI,  7 — 700, 
8 — 768,  9 — 872 

Membership,  General  Secretary's  Report.  10 — 965 

Mercury  Vapor  Tube  Lamps: 

Progress  Report 7—596 

Use    in    Motion    Picture     Studio 

Lighting 2 — 145 

Mirrors,  Classification  of  in  Lighthouses. .  3 — 254 

Motion  Picture  Studios,  Lighting  of 2 — 143 

Motion  Picture  Theatres,  Lighting  of .  .  .  .  5 — 413 

Motor  Vehicle  Lighting: 

Enforcement  of  Regulations  i — 32,  i — 34 

License  Plates,  Proposed  changes  in  2 — 221 

Progress  Report 7 — 605 

Report   of   Committee   on    Motor 

Vehicle  Lighting 10 — 949 


Pageant  Street  Lighting: 

Cost  of 

Shriner's  Convention,  Washington, 

D.  C 7—569. 


Paint: 


-Calsomines,  Characteristics  of 

-Durability  of 

-Enamels,  Characteristics  of 

-For  Acoustical  Work 

-Influence  of,  in  Interior  Illumina- 
tion  4—338,  4—347. 

-Manufacture  of 

-Opacity  of 

-Permanency  of  Light  Reflecting 
Qualities.  .4 — 342,  4 — 347,  4 — 352, 

-Reflection  Factor  of  Various  Kinds 
4—342, 

-Samples,  Preparation  of,  for  Test. 

-Surface  Finish  of.  Effect  on  Illum- 
ination   4 — 340, 


10—^42 
10—938 

4—350 
4—344 
4—349 
4—350 

4—355 
4—347 
4—343 

4—361 


Parlor  Cars  (Railroad),  Lighting  of. 
Phot,  Definition  of 


4- 

-352 

4- 

-348 

4- 

-351 

8- 

-758 

I- 

-SO 

SUBJECT  INDEX 


XI 


Photometric  Apparatus: 

Description  of  Common  Types  in 

Use 3 — 274 

Distribution   Photometer  of   New 

Design 3 — 273.  3 — 280 

Icosahedron   Photometer,    its   Use 

as   a   Substitute  for  the  Ulbricht 

Sphere 3 — 290 

Integrating  Sphere,  Theory,  Con- 
struction and  Use  of 2 — 211,  s — 475 

Rotary     Dispersion     Colorimetric 

Photometer 9 — 861 

Sphere,  Direct  Reading  and  Com- 
puting Attachment  for 1—62 

Photometric  Tests,  Definition  of i — 52 

Photometric  Units,  Symbols  and  Abbre- 
viations   I — S3 

Photometry: 

Comparison  between   Flicker  and 

Equality    of    Brightness    Ratings 

2 — 161,     2 — 167    2 — 170,    2 — 174,     2 — i8s 

Distribution    Photometer    of    New 

Design 3 — 273,     3 — 280 

Effect  of  Varying  Intensity  on  Re- 
sults  2 — 185,     2 — 188 

Flicker,  Factors  which  affect  Re- 
sults in. 2 — 159,  2 — 161,  2 — 174, 
2 — 185,  2 — 190, 

Flicker,  Problems  of 2 — 116, 

Flicker,  Theory  of 

Icosahedron 

Of  Illuminating  Flares 


Progress  Report 

Rotary  Dispersion  Method  of 

The  Eye  as  a  Factor  in. .  .  .  2 — 152, 

Theory,  Construction  and  Use  of 

Integrating  Sphere 2 — 211, 

Physics,  Progress  Report 

Physiology,  Progress  Report 

Plants,    Aided   by    Electric   Illumination 

6 — 511,  7—570,  7—581, 

Plotting  of  Spectrophotometric  Data .... 
Postal  Cars  (Railway),  Lighting  of  8 — 752, 

Post  OflBces,  Lighting  of 

Poultry,  Stimulation  of  by  Artificial  Light 

Power  Stations,  Lighting  of 7 — 575, 

President's  Address,  1922-23 

Primary  Luminous  Standard,  Definition  of 
Production,  Relation  of  Good  Lighting  to 

4—387,  7-576, 

Profit  and  Loss  (See  Finances) 

Progress  in  Illumination,  1922-23 

Projection  Lamps,  Progress  Report 

Projection  of  Light 


2 — 196 
2 — 151 
2 — 151 
3 — 290 
4—369 
7—645 
9 — 861 
2— 157 

5—475 
7—651 
7 — 66 1 

8 — 721 
I — 67 
8—758 
3— 30s 
8 — 721 
9 — 801 
8—723 
I— 52 

9—787 

7—583 

7 — 604 

10 — 884 


Radiant  Flux,  Definition  of 

Railroad  Terminal,  Lighting  of 

Railway  Car: 

Illumination  Intensities  in 

Lighting  of 7 — 573, 

Reflection  Factor: 

Determination  of 

Effect  of  time  on 4 — 352, 

Effect  upon  Illumination 

Gauge 

of  Paint.  .  .4—339,  4—341.  4—343. 

of  Colored  Surfaces 4 — 339, 


-Reflectometer. 


Reflectometer,  the  Integrating  Sphere. 
Reflectors: 

Manufacture  of.  Statistics 

Use  in  Art  Galleries 


Registration  Plates  (Automobile) 

Proposed  specifications  for 

Relation  of  Illumination  to  Production . . 

Research,  Illuminating  Engineering  Ad- 
visory Board  on 

Residence  Lighting: 

Correctness  of 

Cost  of 

Effect  of  Daylight  Illumination  on 

Variation  in  Load  Caused  by 

Revision  of  Code  of  Lighting  School  Build- 
ings  

Roof  Construction,  Effect  on  Illumination 

5—471, 

Rotary  Dispersion  Method  of  Photometry 


1—49 
3—309 

8—761 
8—748 

4—333 
4—361 
4—336 
4—335 
4—352 
4—342 
4—334 
5—475 

3—239 
6— 5 19 

2 — 221 
9—787 

I — 105 

7—687 
2 — 122 
1—36 
1—37 

I — 104 

7—576 
9 — 861 


Safety    Engineering,    Relation    of    Good 
Lighting  to 

School  Lighting 5 — 487,  7 — 577, 

Secondary  Standard,  Definition  of 

Section  and  Chapter  Meetings: 

Chicago 1 — 99,  2 — 216,  5 — 481, 

Cleveland 2 — 217, 

Columbus 3 — 313, 

Los  Angeles 

Michigan 5 — 482, 

New  England.  I — 99,  3 — 310,  4 — 

395,  6—549, 

New  York.  I — 99,  2 — 216,3 — 310, 

4—395,  5- 481, 

Northern   New    Jersey. 4 — 393,6 — 

SSO, 

Philadelphia,  i — 99,  2 — 216,  3 — 311, 

4—392,  5- 481,  6—549, 


Radiant  Energy: 

Transmission  through  Glass  2 — 137,  2 — 141 

Visibility  of 7 — 581 


Pittsburgh 

Toronto.  I — 99,     3 — 312,     6 — 550, 

Sections  and  Chapters. 

Development  Conference  on 

General  Secretary's  Report 


10 — 881 

10—976 

1—52 

9 — 870 
3—312 
4—395 
8—768 
9 — 870 

9 — 870 

9 — 869 

9 — 870 

9 — 869 
9—871 
9—871 

8—732 
10 — 968 
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Local  Representatives,  List  of,  Noi. 

i-io,  p  III 

New 3 — 220 

GflBcers,  List  of Nos.  i-io,  p  II 

OflBcial    Representatives,    List    of. 

Nos.  i-io,  p  III 

Petitions  to  Form  Nevr 2 — 220 

Service  (Editorial) 8—711 

Sign*: 

Classification  and  Characteristics  of  4 — 382 

Novel  Sign  in  New  York  City s — 4 1 1 

Number  of  in  New  York  City 4 — 329 

Silk  Industry. 

Lighting  of 7 — 679 

Spoilage  due  to  daylight 2 — 139 

Sky  Brightness: 

Measurement  of S — 435 

Report  of  Committee  on 5 — 434 

Sleeping  Cars  (Railroad),  Lighting  of 8 — 757 

Smoke,  Effect  on  Daylight  Illumination. .  s — 455 

Smoking  Car  (Railroad),  Lighting  of . . . .  8 — 758 
Sockets: 

Lamp,  Standardization  of 4 — 330 

Some  European  Impressions 3 — 235 

Specifications,    Motor    Vehicle    Lighting 

I — 29,  2 — 208 

Spectrophotometric  Data: 

Absolute  and  Comparative  Values,  i — 80 

Plotting  of I — 67 

Point  of  Equality i — 7i 

Prism      Spectrum     and     Grating 

Spectrum i — 76 

Specular  Reflection  Factor  (See  Reflection 

Factor) 
Speed  of  Vision  (See  Vision) 
Sphere  Photometers  (See  Photometric  Ap- 
paratus) 

Spherical  Reduction  Factor,  Definition  of  i — 52 

Stage: 
Lighting  Systems 2 — 148,  5 — 419 

Standardization : 

Colors  of  Traffic  Signals i — 31.  5 — 486 

Lamp  Sockets 4 — 330 

Standards  (See  Nomenclature  and  Stand- 
ards, also  Committee  on) 

Statistics: 

Lighthouses  and  Light  Vessels ....  3 — 242 

Manufacture  of  Gas  and  Electric 

Fixtures 4 — 332 

Manufacture  of  Lamps  and  Reflec- 
tors    3 — 239 

Photometry,    Results    in    2 — 170, 

2 — 179.  2 — 193 

Reflection  Factor  of  Paints 4 — 352 

Steel  Industry,  Lighting  of 7 — 572,  9 — 824 

Stimulating  Plants  and  Animals  by  Light .  8 — 721 
Street  Lighting: 
Advances  in  Equipment  for 5 — 409 


Cost  per  mile  for 10 — 889 

Developments  in.i — 105,   3 — 308, 

7 — 580,  10 — 881 

History  of 3 — 239,  4 — 329i  10 — 881 

Pageant 7 — 569.  10 — 938 

Problems  of 7 — 580,  10 — 885 

Progress  Report 7 — 610 

Symposium  on 10 — 885 

Surface  Finish  of  Paints,  its  Effect  on 

Illumination 4 — 340 

Surfaces,  Daylight  Illumination  on s — 434 

Sustaining  Members: 

List  of Noa.  i-xo,  p  VI 

New,  See  Members  New. 

Switch  Room  (Power  Plant),  Lighting  of.  9 — 819 

Symposium  on  Street  Lighting 10 — 885 


Tail  Lamps,  Motor  Vehicle  Lighting: 

Specifications  for 2 — 208, 

Standardization  of  colors  for 

Use  of  colored 

Tests  of: 

Automobile  Tail  Lamps 

Colored  Material  for  Fastness 


to 


Light 

-Incandescent  Lamps. 


Theatre  Lighting: 
Colored. . . 


-Stage . 


Theory  of  Flicker  Photometry 

TraflBc  Signals,  Color  of i — 31 1 

Training  in  Illumination 

Transactions,  Improvement  of 

Turbine  Room  (Power  Plant)  Lighting  of 

Units: 


10 — 949 
5— 486 
2 — 213 

2 — 209 

7—580 
I— 5 

5—413 
5—419 
2 — I  SI 
5—486 
7—691 
I— X 
9 — 817 


Definition  of  Brightness i — So 

For  Designating  Wave  Lengths  of 

Light I — 69 

Utihtarian  Value  of  Luminaires 6 — 525 

Visibility,  Definition  of i — Si 

Visibility  of  Radiant  Energy 7 — 581 

Visibility  Values,  Definition  of i — 51 

Vision: 

Effect  of  Composition  of  Light  on.  7 — 572 

Experiments  on  the  Speed  of 7 — 57 1 

Impairement  of,  by  Artificial  Light- 
ing     2 — 140,  4 — 326,  6 — 543 

Limits  of I — 68 

Relation  of  Glare  to  Conservation 

of 6—543 

Visual  Science,  Present  Status  of 6 — 540 

Visual  Sensation,  Lag  of  in  Photometry. .  2 — 174 

Window  Lighting S — 488 

Windows,  Daylighting  from 7 — 574.  7 — 579 

Years  Progress  in  Illumination,  1922-23. .  7 — S83 


PERSONNEL  INDEX 


The  letter  "d"  indicates  matter  given  in  the  discussion  of  certain  papers, 
number  (i  to  lo)  of  the  Transactions  precedes  the  page  number. 


The  issue 


Abbott,   A.    L.,   Local   Representative,   St. 

Paul,  Minn.  1922-23. 
Addie,  C.  E.,  Membership  Committee,  1923- 

H- 

AiNSWORTH,  George,  Committee  to  Prepare 
a  Bulletin  on  Residence  Lighting  by 
Electricity,  1922-23.  d — Illumination 
Production  Test 9 — 794 

Allen,  J.  H.,  Manager  Chicago  Section. 
1922-23. 

Anderson,  Alexander,  General  Convention 
Committee,  1922-23. 

Anderson,  Douglas,  Local  Representative, 
New  Orleans,  La.,  1922-24. 

Anderson,  E.  A.,  Manager  Cleveland  Chap- 
ter, 1922-23;  Papers  Committee,  1922- 
23. 

Are  Present   Standards  of  Industrial 
Lighting  Efficient?  (Editorial) 9 — 783 

Anderson,  G.  R.,  Chairrrian  Toronto  Chap- 
ter, 1922-23;  Executive  Committee, 
Toronto  Chapter,  1922-23. 

Anderson,  H.  B.,  Manager,  Philadelphia 
Section,  1922-24. 

Anderson,  J.  F.,  Membership  Committee, 
1922-24;     Secretary-Treasurer,     Los 
Angeles  Chapter,  1923-24. 

Arenbero,  Albert  L.,  Chairman,  Chicago 
Section,  1922-23;  Membership  Com- 
mittee 1922-23;  Manager,  Chicago  Sec- 
tion, 1923-24. 

Abhworth,  R.  H.,  Local  Representative, 
Salt  Lake  City,   Utah,  1922-23. 

Atherton,  C.  a.,  Membership  Committee 
1922-24. 

d — Illumination  Production  Test 9 — 795 

d — Pageant  Street  Lighting.  10 — 945,  10 — 946 

Atwater,  D.  W., 

d — Pageant  Street  Lighting 10 — 943 

Barnes,  Cyrus,  Manager,  New  England 
Section,  1923-24. 

Barnitz,  Frank  R.,  Director,  1922-25, 
Finance  Committee,  1923-24. 

Barrett,  S.  K.,  Manager  New  York  Sec- 
tion, 1923-24. 

Batbon,  W.  v.,  Manager,  New  England 
Section,  1922-23;  Chairman  New  Eng- 
land Section,  1923-24. 


Beach,  B.  S.,  General  Convention  Commit- 
tee, 1922-23. 

Bell,  Louis,  Papers  Committee,  1922-23; 
Lighting  Legislation  Committee,  1922- 
23;  Nomenclature  and  Standards  Com- 
mittee, 1922-23;  Research  Committee, 
1922-23. 
d — Relative  Performance  of  Tungsten 

Filament  Lamps 1 — 30 

d — Nomenclature  and  Standards i — 56 

d — Plotting     of     Spectrophotometric 

Data I — 89 

d — Flicker  Photometry 2 — 200 

d — Lighthouses  and  Light  Vessels  3 — 

266,  3 — 269 

Benford,  F.  a., 

Plotting  of  Spectrophotometric  Data  1—67 
d — Nomenclature  and  Standards.  .  .  .  i — 54 
d — Plotting     of      Spectrophotometric 

Data I — 89 

d — Icosahedron  Photometer 3 — 303 

Bergman,  A., 

d — Illuminating  Flares 4 — 376 

BiRGE,  N.  R.,  General  Convention  Commit- 
tee, 1922-23. 

Blackwell,  W.  T.,  Lighting  Legislation 
Committee,  1922-24;  Membership  Com- 
mittee, 1922-24;  Chairman,  Northern 
New  Jersey  Chapter,  1922-24;  General 
Convention  Committee,  1922-23;  Com- 
mittee on  Sustaining  Members,  1923-24- 
Solution  of  a  Street  Lighting  Problem  10 — 894 

d — Paint  Characteristics 4 — 362 

d — Hospital   Operating    Room    Light- 
ing    9—857 

Blake,  S.  H.,  Local  Representative,  Schenec- 
tady, N.  Y.,  General  Convention  Com- 
mittee, 1922-23. 

Bliss,  F.  W.,  Membership  Committee,  1922- 

24. 

d — Lighthouses  and  Light  Vessels ....   3 — 269 
Bo  VIE,  W.  T.,  Research  Committee,  1922-23. 
BozBLL,  H.  v.,  General  Board  of  Examiners, 

1923-24. 
Breyeh,  F.  G., 

d — Paint  Characteristics 4 — 357,  4 — 363 

Brockbank,  R.  a.,  Neon-Glow  Diflrhargo 

Lamp  on  Alternating  Current  Circuits  3 — 308 
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Brown,  R.  I.,  Membership  Committee,  1922- 

Bryant,  J.  M.,  Local  Representative,  Aus- 
tin, Texas,  1922-24. 

Brtce,  C.  H.,  Paint  Characteristics  to  be 
Considered  in  Effecting  Better  Il- 
lumination    4 — 347 

d — Paint  Characteristics 4 — 362 

Buckley,  J.  E.,  Secretary,  New  York 
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Suggestions  for  Improving  the  TRANSACTIONS 

BEGINNING  its  second  year's  work  the  Committee  on  Edit- 
ing and  Publication  wishes  to  set  forth  plans  for  the  develop- 
ment of  the  Transactions  in  the  hope  that  through  the  con- 
tinued interest  on  the  part  of  each  individual  member  and  his 
greater  participation  in  the  supplying  of  interesting  news  of  the  in- 
dustry, we  may  enlarge  the  various  sections  which  were  added 
during  the  past  year  and  introduce  new  departments  when  the 
demand  becomes  apparent.  The  aim  of  the  committee  on  assum- 
ing office  last  year  was  to  increase  the  general  interest  in  the 
Transactions.  The  scientific  value  has  always  been  maintained 
by  the  very  excellent  papers  which  have  been  available  for  pub- 
lication. A  demand  was  evident  for  news  of  the  industry,  and  of 
the  activities  of  the  Society's  committees  and  sections  in  order 
that  the  non-technical  member  and  the  member  at  a  distance  from 
the  influence  of  the  Sections  might  be  placed  more  closely  in 
touch  with  the  very  notable  work  accomplished  from  time  to  time 
by  the  Society's  representatives.  For  this  purpose,  during  the 
past  year,  a  rearrangement  was  made  of  the  Transactions  and 
several  new  sections  are  now  open  to  the  members  for  their  con- 
tributions. 

The  editorial  department  which  was  a  new  feature  inaugurated 
last  year  will  be  continued  and  plans  are  under  way  to  present 
editorials  of  more  value  and  interest  to  the  membership. 

In  ''Reflections"  we  have  a  news  gathering  section  for  the 
dissemination  of  information  interesting  to  the  illuminating  engi- 
neering profession.  In  it  will  be  presented  reprints  from  maga- 
zines and  papers,  new  items  about  notable  lighting  installations, 
new  instruments,  etc.  Members  are  urged  to  send  in  clippings 
or  to  write  news  items  for  publication. 


2  TRANSACTIONS  I.  Z-  S.,  JANUARY,.  I923 

The  'Tapers"  section  can  be  improved  if  those  members  who 
have  papers  or  discussions  to  present  will  aid  in  decreasing  time 
between  the  presentation  of  the  paper  and  its  pubhcation.  De- 
lays are  occasioned  by  a  number  of  causes,  not  any  one  of  which 
is  responsible  for  a  large  amount  of  lost  time  but  in  the  aggregate 
mterfering  with  printing  schedules.  Papers  pass  through  at  least 
eight  different  channels  before  printing  so  that  a  delay  on  the 
part  of  any  one,  or  the  cumulative  small  delays  on  the  part  of 
several  may  prevent  prompt  publication  in  the  Transactions. 

Section  officers  and  managers,  and  the  various  committee  chair- 
men are  especially  requested  to  send  more  information  about  the 
activities  of  their  respective  sections  or  committees  for  insertion 
in  "Society  Affairs."  The  place  of  the  meeting,  the  time  and 
name  of  the  speaker  and  his  subject  are  not  the  most  interesting 
features  of  the  section  meeting.  It  would,  however,  be  of  greater 
value  to  the  membership  if,  in  addition,  a  short  abstract  were 
given  of  the  paper  presented  and  the  important  points  empha- 
sized in  its  discussion.  An  exchange  of  ideas  regarding  new 
methods  or  suggestions  for  stimulating  the  interest  of  the  mem- 
bers in  the  meetings  of  their  respective  sections  or  chapters, 
could  be  fostered  by  the  various  secretaries  in  this  department. 

In  general,  the  committee  bespeaks  from  the  membership  a  little 
more  personal  interest  and  aid  in  developing  the  news  bearing 
portion  of  the  Transactions  to  the  point  where  it  will  be  of  equal 
value  with  the  material  in  the  "Papers"  section,  which  has  been 
a  characteristic  feature  of  the  Transactions  in  the  past. 

The  committee  also  solicits  communications  which  should  be 
of  general  interest  to  the  membership,  including  not  only  infor- 
mation of  important  activities,  but  should  if  possible  express 
the  writer's  opinions,  recommend  courses  of  action,  criticise  pres- 
ent practices  or  anticipate  future  endeavors. 

Committee  on  Editing  and  Pubucation 


REFLECTIONS 

Highway  Lighting  Financed 

THERE  has  recently  been  passed  by  New  York  State  a  meas- 
ure which  allows  the  counties  of  the  State  to  appropriate 
money  for  the  illumination  of  highways.  This  bill  is  an  important 
and  logical  step  toward  providing  means  of  financing  highway  illu- 
mination, placing  authority  in  the  hands  of  the  board  of  supervis- 
ors of  any  county  to  provide  for  lighting  public  highways,  or  por- 
tions thereof,  or  bridges,  located  in  such  county  outside  of  cities 
and  villages.  The  board  must  submit  proposals  to  the  State  Com- 
missioner of  Highways  when  it  is  desired  to  provide  lighting  for 
some  highway  or  bridge.  The  Commissioner  either  approves  the 
proposals  or  suggests  such  modification  as  he  sees  fit,  returning 
them  to  the  board  for  final  adoption.  The  expenses  for  installing 
and  maintaining  the  lighting  system  are  provided  and  appropriated 
in  the  same  manner  as  other  county  expenses. 

The  importance  of  highway  lighting  is  becoming  more  seriously 
recognized  in  all  parts  of  the  country  and  the  passage  of  this  bill 
will  prove  a  big  help  in  the  rapid  development  of  New  York's 
highways  to  meet  the  requirements  of  modern  traffic.  Other 
states  will  doubtless  consider  the  inauguration  of  similar  legisla- 
tion. 

The  Light  Cure 

TREATMENT  of  disease  by  light  rays  is  reviewed  in  an  edi- 
torial contribution  to  The  Journal  of  the  American  Medical 
Association  (Chicago).  The  writer  is  somewhat  cautious  in  com- 
mending it,  but  thinks  that  it  has  been  undoubtedly  beneficial  in 
some  maladies,  and  that  it  has  possibilities.  That  sunlight  is  bene- 
ficial to  green  plants,  he  notes,  is  an  every-day  observation. 
Through  the  intermediation  of  chlorophyl  (green  vegetable  color- 
ing matter)  light  energy  is  stored  under  conditions  most  advan- 
tageous to  mankind.  There  is  a  wide-spread  conviction  that  sun- 
light is  health  giving  to  man  as  well  as  to  vegetation;  but  proof 
of  this  traditional  belief,  he  thinks,  is  not  so  easily  secured. 

"Sunlight  is  only  one  of  numerous  environmental  factors  to 
which  the  human  organism  is  subject,  and  they  can  not  readily 
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be  dissociated  so  that  each  can  be  charged  with  its  specific  respon- 
sibiHty  for  well-being  or  the  reverse^  as  the  case  may  be.  It 
would  be  manifestly  unfair  to  say  that  heliotherapy  (sunlight 
treatment)  is  an  entirely  unexplored  field;  but  it  will  scarcely  be 
denied  that  its  present  claims  and  its  accomplishment  are  essen- 
tially based  on  empiricism.  To  admit  this  is  not  derogatory  to 
the  possibilities  of  medical  treatment  through  the  agency  of  light 
rays,  but  rather  a  challenge  to  promote  the  scientific  aspect  of  the 
subject.  The  latest  studies  of  the  sunlight  treatment  of  rickets, 
notably  those  of  A.  F.  Hess  and  others  in  this  country,  should 
give  a  marked  impetus  to  the  investigation  of  the  physical  factors 
as  well  as  the  clinical  results. 

The  instance  cited  is  a  notable  one  for  heliotherapy.  Clark  has 
suggested  other  fields  in  which  the  already  evident  possibilities 
of  light  therapy  deserve  experimental  consideration  from  a  clinical 
standpoint.  The  pioneer  work  of  Finsen  emphasizes  the  impor- 
tance of  considering  a  diversity  of  forms  of  radiant  energy  in 
skin  affections.  The  relative  safety  of  treatment  with  ultraviolet 
rays  over  roentgen-ray  exposure  should  add  to  the  desirability  of 
careful  consideration  of  the  respective  merits.  In  tuberculosis, 
especially  surgical  tuberculosis,  heliotherapy  has  long  had  advo- 
cates. The  observations  made  have  warranted  the  suspicion  that 
light  of  short  wave-lengths,  which  is  known  to  have  marked 
bactericidal  effects,  may  not  be  without  salutary  influence  in  the 
treatment  of  wounds.  Other  suggestions  might  be  cited,  while 
the  familiar  inflammatory  reaction  known  as  sunburn  is  an  omni- 
present reminder  of  the  potency  of  absorbed  ultraviolet  light. 
It  should  be  remembered  that  the  potent  rays  of  shorter  wave- 
length do  not  penetrate  glass.  The  shorter  the  wave-length,  the 
smaller  the  layer  of  skin  that  will  absorb  the  rays.  Artificial 
lights,  if  glass-covered,  are  therefore  harmless  and  therapeutically 
weak.  Sunlight  rarely  contains  enough  for  ultraviolet  rays  to 
produce  injury.  Consequently,  heliotherapy  that  demands  highly 
potent  effects  must  look  to  artificial  sources  of  radiation.  The 
quartz  mercury  arc  and  bare  metallic  arcs  are  known  to  belong 
in  the  potent  class,  and,  as  has  often  been  warned,  may  be  ex- 
tremely injurious  so  that  the  eyes  should  be  protected  from 
them." 


PAPER6 


THE     RELATIVE     PERFORMANCE     OF     TUNGSTEN 
FILAMENT  LAMPS  UNDER  TEST  UPON  ALTER- 
NATING AND  DIRECT-CURRENT  CIRCUITS* 


BY    JOHN    W.    I,IEB** 


Under  service  conditions  some  incandescent  lamps  are  operated 
on  alternating-current  circuits  and  others  are  operated  on  direct- 
current  circuits.  In  laboratory  practice,  however,  because  of  the 
ease  and  flexibility  of  alternating-current  transformation,  lamps 
are  usually  life-tested  with  6o-cycle  alternating  current,  and  only 
rarely  are  they  tested  with  direct  current.  In  the  lamp  testing 
work  of  the  Association  of  Edison  Illuminating  Companies,  how- 
ever, it  has  been  the  practice  for  some  years  to  test  a  small  per- 
centage of  samples  upon  direct  current  in  order  to  ascertain 
differences,  if  any,  in  performance  under  the  two  methods  of 
operation.  The  purpose  of  this  paper  is  to  make  available  to 
illuminating  engineers  facts  as  to  differences  in  alternating  cur- 
rent and  direct-current  performance  which  have  been  disclosed 
by  these  tests. 

HISTORICAI, 

At  the  time  of  the  appearance  of  the  tantalum  lamp,  there  was 
no  evidence  or  data  available  indicating  that  the  carbon  and 
Gem  lamps  of  that  day  were  in  any  way  differently  affected  in 

Note :  In  order  to  ascertain  the  performance  and  quality  of  incan- 
descent lamps  and  thus  stabihzc  the  purchase  or  sale  of  such  lamps,  the 
Association  of  Edison  Illuminating  Companies  in  1896  agreed  with  certain 
manufacturers  of  lamps  upon  a  procedure  for  conducting  laboratory  tests. 
.Such  tests  have  been  made  continuously  ever  since.  The  results  of  these 
tests  are  not  published  but  are  available  to  the  companies  for  whom  they 
are  made  and  furnish  an  index  of  the  quality  of  the  product  and  in 
formulating  such   specifications    for   the   product   as   may   be  agreed   ui^on 

*A  paper  presented  at  the  Annual  Convention  of  the  Tlluiuinatinij  Kngnnccr- 
ing   Society,   Swampscott,   Mass.,   Sept.   25-28,    1022. 

••Vice-President,   'I'he   New   York    Kdisnn    Co.,    New   York    City. 

The  IllnminafinK  Kn^rineerinR  Society  is  not  responsible  for  the  statonionts  or 
opinions   advanced   by   contributors. 
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from  time  to  time  between  purchasers  and  manufacturers  of  lamps.  The 
data  in  this  paper  are  taken  from  tests  made  in  the  course  of  this  work  by 
Electrical  Testing  Laboratories  under  the  supervision  of  the  Lamp  Com- 
mittee of  the  Association  of  Edison  Illuminating  Companies.  These  arc 
laboratory  tests  in  which  to  a  certain  extent  the  more  trying  conditions 
of  actual  service  are  modified  in  order  to  secure  reproducibility  and 
comparability  of  test  results.  Thus  the  voltage  regulation  is  superior  to 
that  of  service  conditions,  and,  unless  otherwise  stated,  the  lamps  while 
under  test  are  not  subjected  to  appreciable  vibration  and  are  protected 
from  shock  and  jar,  except  upon  occasions  when  they  are  removed  from 
test  racks  for  examination. 

their  performance,  depending  upon  whether  they  were  burned 
on  alternating  or  direct  current.  Even  at  the  present  time,  in  spite 
of  systematic  tests  on  carbon  and  Gem  lamps  calculated  to  bring 
out  such  a  difference,  if  it  existed,  none  has  been  found.  When 
the  tantalum  lamp  first  made  its  appearance,  a  number  of  the 
earliest  lamps  were  submitted  to  test  under  the  direction  of  the 
A.  E.  I.  C.  Lamp  Committee,  and  it  was  found  that  when  they 
were  tested  in  the  ordinary  way  on  alternating-current  circuits, 
the  life  was  very  much  shorter  than  had  been  claimed  for  them. 
It  was  at  that  time  a  new  idea  to  seek  for  differences  in  perfor- 
mance of  incandescent  lamps  depending  upon  the  character  of  the 
current  employed  but  in  order  to  seek  an  explanation  for  the  dif- 
ferences found  in  the  case  of  the  new  lamps  some  of  them  were 
tested  on  direct  current,  and  the  life  figures  thus  obtained  were 
found  to  be  in  general  agreement  with  those  that  had  been  pub- 
lished abroad.  On  6o-cycle  alternating  current  a  life  of  only 
about  one-fourth  of  that  observed  with  direct  current  was  found 
on  test.  The  first  published  announcement  of  this  difference  was 
made  in  a  paper  before  the  American  Institute  of  Electrical 
Engineers^  using  as  a  basis  the  tests  made  for  the  Lamp  Com- 
mittee. In  this  paper  also  was  given  the  physical  reason  account- 
ing for  this  difference.  It  was  shown  that  microscopic  examina- 
tion of  the  filaments  revealed  that  they  were  subject  to  crystalliza- 
tion and  so-called  "offsetting"  a  breaking  up  of  the  filaments 
which  went  on  much  more  rapidly  with  alternating  current  than 
with  direct  current,  and  figures  illustrating  that  effect  were 
published. 

1  C.   H.   Sharp,  Transactions,  A.   I.   E.   E.,  Vol.   25,  Page  828,    1906. 
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The  following  statement  appeared  in  the  A.  I.  E.  E.  paper : 

"The  conclusion  is  unavoidable  that  this  lamp  (namel}^  the 
tantalum  lamp)  at  the  present  time  is  essentially  a  direct-current 
lamp." 

and  again : 

"No  such  effect  is  observable  with  the  tungsten  lamps.  Tests 
of  Electrical  Testing  Laboratories  show  quite  definitely  that  their 
life  on  direct  current  and  on  alternating  current  is  the  same.  This 
has  also  been  proved  by  elaborate  experiments  to  be  true  of  carbon 
filaments." 

The  above  statement  with  regard  to  tungsten  filament  lamps 
refers  of  course  to  the  squirted  and  sintered  tungsten  filament 
of  that  time.  A  draw  wire  filament,  the  desirability  of  which  was 
early  recognized,  was  scarcely  looked  forward  to  as  being  a 
possibility,  because  of  the  well  known  difficult  characteristics  of 
the  metal  tungsten.  However,  it  is  very  interesting  to  note  that 
in  the  discussion  of  this  paper  Dr.  C.  P.  Steinmetz  made  the 
following  statement : 

"The  manufacture  of  tungsten  lamps  would  possibly  be  simplified 
if  the  metal  could  be  made  ductile.  I  must  draw  your  attention  to 
one  feature,  however,  of  all  the  incandescent  filaments,  the  only 
one  not  suited  for  alternating  current  is  the  ductile  tantalum 
filament,  which  shows  a  feature  similar  to  the  crystallization  of 
wrought  iron  under  rapidly  oscillating  stress,  while  the  osmium 
and  carbon  filaments,  which  have  no  fibrous  structure,  show  no 
inferiority  with  alternating  current.  It  appears  to  me  possible, 
therefore,  that  a  ductile  tungsten  filament  may  be  unsuitable  for 
alternating  current." 

When  through  the  labors  of  Dr.  W.  D.  Coolidge  at  the  Re- 
search Laboratory  of  the  General  Electric  Company  the  "im- 
possible" was  achieved,  and  ductile  tungsten  became  a  reality,  the 
prophetic  surmise  of  Dr.  Steinmetz  was  justified.  It  was  foimd 
in  reality  that  the  early  ductile  filament  tungsten  lamps  showed  a 
decided  tendency  to  offsetting  which,  due  to  the  difiference  in 
the  character  of  the  crystallization  was  greater  with  alternating 
than  with  direct  current.  However,  the  research  scientists  who 
were  working  on  the  incandescent  lamp  were  not  at  the  end  of 
their  resources,  and  means  have  been  found  whereby  this  eflfect 
has  been  very  greatly  reduced.  The  method  most  commonly  em- 
ployed is  understood  to  be  that  devised  by  Coolidge,  which  con- 
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sists  in  adding  a  small  quantity  of  thoria  to  the  tungsten.  The 
result  of  such  a  procedure  has  been  to  produce  lamps  which  arc 
commercially  satisfactory  when  operated  either  on  alternating  or 
on  direct-current  circuits.  Indeed  there  is  no  general  recognition 
of  any  difference  in  performance  even  by  the  lamp  industry  itself. 
It  has  remained  for  the  more  refined  and  searching  tests  of  the 
laboratory  to  detect  and  measure  these  differences. 

TKST  performance;  of  tungsten  FII^AMENT  LAMPS 

In  the  tests  forming  the  basis  of  this  paper,  the  average  voltage 
is  carefully  established  and  is  maintained  within  about  one-fourth 
per  cent,  plus  or  minus,  for  the  alternating-current  tests,  and 
about  one-half  per  cent,  plus  or  minus,  for  the  direct-current 
tests.  The  wave  form  of  the  6o-cycle  current  employed  is  sub- 
stantially sinusoidal.  Except  as  otherwise  stated,  the  vacuum 
type  lamps  have  been  operated  with  axes  either  horizontal  or 
vertical  and  gas-filled  lamps  have  been  operated  tip  downward. 
Also,  except  as  otherwise  stated,  the  operation  has  been  upon 
racks  practically  free  from  vibration  and  at  voltages  correspond- 
ing closely  to  rated  initial  efficiencies.  Four  or  five  times  during 
the  life  of  lamps  of  normal  longevity  they  have  been  removed 
from  the  test  racks  for  photometry  and  examination,  but  otherwise 
they  have  not  been  handled. 

Tests  have  been  made  gf  both  the  straight  filament  vacuum  type 
lamp  and  of  the  coil  wound  gas-filled  lamp.  They  have  included 
a  considerable  number  of  different  brands  which  come  under  in- 
vestigation by  the  Association  of  Edison  Illuminating  Companies. 
In  both  types  and  among  these  different  brands  performance 
differences  have  been  found  in  varying  degrees.  Apparently  these 
appear  to  be  to  some  extent  within  the  control  of  the  manufac- 
turer, although  possibly  improvement  in  certain  particulars  may 
be  had  only  at  the  expense  of  inferiority  in  some  other  respects. 

In  the  case  of  the  vacuum  type  lamp,  the  following  character- 
istic differences  have  been  definitely  established  as  a  result  of 
the  tests : 

1.  The  filament  resistance  increases  more  rapidly  with  age 
on  a-c.  than  on  d-c. 

2.  The   fragility   of   the   filament   increases  more   rapidly 
with  age  on  a-c.  than  on  d-c. 
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3.  The  mortality  rate  increases  more  rapidly  during  life 
on  a-c.  than  on  d-c. 

4.  The  efficiency  during  life  declines  less  rapidly  on  a-c. 
than  on  d-c. 

5.  The  total  life  is  less  on  a-c.  than  on  d-c. 

Similar  differences  in  performance  are  encountered  also  to  a 
greater  or  less  extent  among  gas-filled  tungsten  lamps,  although 
as  a  general  proposition  the  differences  are  not  so  well  established 
and,  in  the  case  of  some  gas-filled  lamps,  a  reversal  of  results  is 
found  in  certain  particulars,  as  will  be  shown  later. 

Crystallization  on  Alternating  and  Direct  Current. — Something 
of  the  difference  in  crystallization  characteristics  of  filaments 
when  operated  on  alternating  and  direct  current  is  conveyed  by 
Fig.  I,  in  which  the  cuts  are  photomicrographs  (magnified  in  the 
original  about  100  diameters)  of  sections  of  300- watt  new  tung- 
sten lamp  filaments.  The  cuts  at  the  left  show  new  filaments ; 
the  cuts  in  the  middle  show  crystallization  of  corresponding  fila- 
ments which  have  been  operated  upon  direct  current  until  the 
lamps  have  lost  about  20  per  cent  of  their  initial  lumens ;  the  cuts 
on  the  right  show  crystallization  resulting  from  corresponding 
operation  upon  60-cycle  alternating  current.  Fig.  2  illustrates 
crystallization  in  the  case  of  60-watt  vacuum  type  lamps,  the 
photomicrographs  being  similarly  arranged.  The  filaments  oper- 
ated upon  direct  current  are  characterized,  generally,  by  greater 
surface  disorder,  while  those  operated  upon  alternating  current 
are  broken  up  into  larger  crystals,  apparently  with  deeper  seated 
lines  of  cleavage.  These  changes  appear  to  be  characteristic 
effects  of  the  operation  of  both  vacuum  and  gas-filled  types  of 
Mazda  lamps  upon  direct  current  and  alternating  current  respec- 
tively. 

Extent  of  Comparative  Life  Tests  upon  Alternating  and  Direct 
Current. — Beginning  with  1910,  small  groups  of  fairly  com- 
parable tungsten  filament  lamps  have  been  tested  each  year  with 
60-cycle  alternating  current  and  with  direct  current.  The  samples 
tested  have  ranged  in  number  from  ten  to  forty  lamps  per  group. 
The  total  num])er  of  lamps  involved  in  these  comparisons 
throughout  the  years  covered  by  the  tests  are: 

Alternating   current  2,039  ^^^^^^^ 

Direct  current  865  lamps 
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From  time  to  time  these  samples  have  been  of  the  25,  40,  50,  60 
and  loo-watt  Mazda  B  type  lamps  and  75,  100,  200  and  300-watt 
Mazda  C  type  lamps.  Prior  to  1920  the  tests  were  made  with  a 
view  to  arriving  at  the  "useful"  life  and  therefore  were  discon- 
tinued shortly  after  the  lamps  had  declined  to  80  per  cent  of  initial 
lumens.  Subsequent  to  1920  the  tests  have  been  continued  until 
the  lamps  failed. 

Lamp  Efficiencies. — The  efficiencies  at  which  these  lamps  have 
been  operated  have  varied  somewhat  throughout  the  years.  To 
avoid  the  complication  thus  introduced  into  the  comparison  of 
performances,  the  data  shown  in  this  paper  have  been  adjusted  by 
applying  the  recognized  exponents  connecting  efficiency  and  life  to 
the  performance  at  the  efficiencies  at  which  they  were  actually 
tested  so  as  to  reduce  the  performance  in  each  case  to  the  equiva- 
lent performance  at  such  efficiency  as  would  result  in  an  average 
total  life  upon  alternating  current  of  1,000  hours,  thus  making 
the  life  results  comparable  even  though  the  tests  were  actually 
made  at  different  efficiencies. 

usEFui.  ivii^E  TESTS 

In  the  accompanying  table  all  tests  made  on  the  mean  useful 
life  basis  are  summarized  with  respect  to  those  particulars  treated 
of  in  this  paper.  The  useful  life(  hours  life  to  80  per  cent  of 
initial  lumens  or  to  earlier  failure)  is  shown,  because  most  of  the 
test  results  are  available  in  that  form.  This  measure  of  lamp  life 
performance  served  a  useful  purpose  in  emphasizing  the  impor- 
tance of  good  candlepower  maintenance,  but  is  no  longer  relied 
upon  to  evaluate  lamp  performance. 

In  considering  the  practical  value  of  the  lamps  during  their 
useful  life  a  tendency  was  found  for  the  superior  lumen  main- 
tenance to  compensate  more  or  less  for  the  inferior  mortality 
record  of  the  Mazda  B  lamps  operated  upon  alternating  current. 
Among  the  vacuum  lamps  of  the  smaller  sizes  the  difference  in 
mortality  rate  was  most  notable.  Among  the  Mazda  C  or  gas- 
filled  lamps  there  were  two  types  of  filaments  appearing  in  the 
tests  shown  in  the  table  as  respectively  I  and  II.  Among  these 
lamps  in  general  the  superior  lumen  maintenance  upon  alternating 
current  was  not  offset,  as  in  the  case  of  the  vacuum  lamps,  by  a 
marked  betterment  of  mortality  rate  upon  direct  current.     The 
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Summary  of  Relative  Tungsten  Lamp  Life  Performance  ox 
al,ternating  and  direct  current 


Alternating 

current 

Direct  current 

Per  cent  bnrn- 

Per  cent  burn- 

Ratio  d-c. 

I,amp  ral 

- 

No.  of  out  above  So  <fc 

No.  of  out 

above  80  <fc 

'useful"  life 

ing  in 

lamps        of 

initial 

lamp 

s 

of  initial 

to  a-c. 

Year 

watts 

- 

tested         lumens 

tested 

ips 

lumens 

"useful"  life 

Mazda  B   Lan 

I9II-I2 

25 

33 

66 

23 

0 

100.7 

I912-I3 

214 

52* 

42 

5* 

IIO.5 

I914-IS 

215 

42* 

40 

0* 

91.4 

I916-17 

30 

80 

29 

7 

115-8 

I918-I9 

30 

50 

26 

15 

87.3 

I9IO-II 

40 

44 

4-5 

50 

0 

87.5 

I9II-I2 

29 

34 

23 

9 

89-3 

I912-I3 

150 

39* 

38 

0 

93.9 

I914-15 

231 

23* 

41 

0 

86.2 

I916-I7 

28 

25 

28 

7 

88.7 

I916-17 

50 

23 

48 

30 

0 

1 13.0 

I918-I9 

24 

21 

27 

0 

83.2 

1919-20 

9 

22 

10 

0 

88.0 

1920-21 

30 

8 

30 

8 

84.8 

I9II-I2 

60 

24 

29 

24 

0 

1 14.8 

I912-13 

133 

18* 

28 

18* 

80.8 

I914-15 

289 

18* 

37 

8* 

84.2 

I916-I7 

19 

0 

20 

0 

87.0 

I9II-I2 

TOO 

23 

0 

19 

0 

80.7 

I912-I3 

116 

7* 

33 

6* 

103. 1 

I914-15 

68 

13* 

24 

17* 

87.9 

I916-I7 

20 

0 

19 

0 

66.4 

♦Per 

cent  of  failures  throughout  a  com 

parable  period,  but  independent 

of  actual  decline  in 

lumens. 

Alternating 

current 

Direct  current 

Ratio  d-c. 

Per  cent  burn- 

Per cent  burn-  "useful" 

No.  of 

out  above  80  5?  No.  of 

out  above  80 

•ji   life  to  a-c 

I^amp 

rating        lamps 

of  initis 

il        lamps 

of  initial 

"useful" 

Year 

in  watts 

tested 

Maze 

lumen? 

;         te 

sted 

lumens 

life 

la  C  Lan- 

ps 

I916-17 

75   ( 

11) 

7 

100 

6 

17 

S6.6 

I918-19 

22 

50 

23 

39 

84.7 

I916-17 

100  ( 

10 

40 

10 

0 

64.0 

I918-I9 

20 

50 

25 

12 

74.5 

I 9 19-20 A 

4 

50 

5 

0 

100.4 

B 

H) 

10 

100 

4 

75 

79.8 

C 

5 

40 

5 

20 

61.2 

1920-21 

20 

40 

20 

15 

60.7 

II) 

10 

100 

10 

67 

64.6 

1916-17 

200  ( 

9 

II 

10 

0 

86.8 

1918-19 

10 

30 

8 

13 

67.0 

1919-20A 

300  ( 

11) 

10 

80 

5 

20 

76.3 

B 

11) 

9 

7^ 

5 

0 

108. 1 

C 

4 

50 

5 

20 

45.8 

1918-19 

500 

8 

13 

.S 

13 

i(Xj.4 
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result  was  a  rather  general  shortage  of  useful  life  for  the  direct- 
current  lamps,  even  though  as  shown  elsewhere,  the  total  life  has 
been  found  during  the  last  two  years  to  be  slightly  longer  upon 
direct  current  than  upon  alternating  current. 

TOTAI,  I,IFE  TESTS 

In  the  following  paragraphs  are  summarized  the  relative  test 
data  for  the  last  two  years,  during  which  period  the  total  life — to 
failure  in  each  case — was  determined. 

Change  m  Light  Production  and  Efficiency  throughout  Life — 
Vacuum  Type  Lamps. — In  the  accompanying  Fig.  3,  performance 
curves  are  shown  for  50-watt,  S-19  bulb  Mazda  B  lamps  of 
Edison,  National  and  Westinghouse  makes  combined.  These 
have  been  adjusted  in  each  case  to  an  efficiency  which  would  pro- 
duce an  average  total  life  of  1,000  hours  when  operated  in  the 
laboratory  upon  60-cycle  current.  Curves  of  performance  with 
direct  current  at  the  same  initial  efficiency  are  included  in 
the  same  diagram  for  comparison.  The  lamps  were  of  192 1 
production.  The  average  lives  when  operated  at  the  same  initial 
efficiency  are : 

50- Watt  Mazda  B  Lamps 


Average    hours    total    life 
Relative    mean    lumens    per    watt 

throughout  life  in  per  cent  of 

that  at  initial 

The  better  maintenance  of  lumens  in  alternating-current  opera- 
tion combined  with  a  slightly  increased  rate  of  decline  in  watts 
contributes  to  a  much  better  maintenance  of  efficiency  through- 
out life.  When  operated  at  the  same  initial  efficiency,  correspond- 
ing lamps  in  direct-current  service  decline'  in  lumens  somewhat 
more  rapidly,  consume  relatively  more  watts,  and  therefore  oper- 
ate throughout  at  a  lower  efficiency.  The  average  total  life  of  the 
d-c.  lamps  is  longer  by  about  60  per  cent  than  when  operated  on 
alternating  current. 

Adjustment  to  equivalent  mean  efficiency  throughout  total  life 
for  purposes  of  comparison,  such  as  that  called  for  by  the  latest 
standard   specifications    for   incandescent   lamps,   establishes   the 
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fact  that  for  a  given  mean  efficiency  throughout  Ufe  the  lamps 
will  actually  operate  for  a  longer  period  upon  alternating  current 
than  upon  direct  current.  When,  however,  as  is  the  custom,  they 
are  operated  at  labeled  voltage,  a  longer  life  with  a  somewhat 
lower  mean  efficiency  is  had  in  direct-current  operation  than  in 
alternating-current  service. 

Gas-filled  Lamps. — The  differences  in  performance  with  alter- 
nating and  direct  current  are  smaller  among  gas-filled  tungsten 
lamps  than  among  vacuum  tungsten  lamps.  Fig.  4  shows  average 
performance  curves  for  75-watt  lamps  of  1921-22  manufacture, 
the  figures  for  Edison,  National  and  Westinghouse  makes  being 
consolidated.  The  same  characteristic  differences  in  lumens  which 
were  noted  in  the  vacuum  type  lamp  are  here  manifested.  The 
watts,  however,  are  slightly  lower  upon  direct  current  and  the 
resultant  life  is  but  little  longer  than  that  upon  alternating  current. 
Adjusted  to  equivalent  mean  efficiency  throughout  life  for  pur- 
poses of  comparison,  the  life  on  alternating  current  is,  as  in  the 
case  of  vacuum  lamps,  longer  than  that  on  direct  current. 

Fig.  5  shows  typical  performance  curves  for  loo-watt  lamps 
of  Edison  and  National  makes  combined.  The  average  relative 
lives  of  these  gas-filled  lamps  are : 

75-Watt  loo-Watt 

60-cycie  60-cycie 

a-c.  d-c.  a-c.  d-c. 


Average  hours  total  life  1,000  1,043  1,000  1,108 

Relative  mean  lumens  per  watt 

throughout  total  life  in  per 

cent  of  that  at  initial  100%  97%  100%  95% 

In  General. — The  general  indication  is  that  by  the  time  the 
lamps  have  reached  three-quarters  of  their  total  life,  the  lumens 
of  those  operated  upon  direct  current  are  3  to  5  per  cent  lower 
and  the  watts,  in  the  case  of  the  vacuum  lamps,  are  about  i 
per  cent  higher  and,  in  the  case  of  the  gas-filled  lamps,  about  i 
per  cent  lower  when  the  lamps  are  operated  upon  direct  current. 

Relative  Increase  in  Filament  Fragility  Throughout  Life. — 
There  is  but  little  definite  information  on  fragility  available  to 
the  writer,  and  this  data  is  entirely  of  laboratory  origin.  It  is 
known  tliat  all  tungsten  filament  lamps  are  relatively  sturdy  when 
new,  but  become  fragile  after  some  hours  of  operation  and  in- 
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crease  in  fragility  thereafter  as  they  are  burned.  This  effect  is 
accelerated  if  the  lamps  are  subjected  to  vibration  or  jar.  Perhaps 
the  most  reliable  indication  of  fragility  is  that  deduced  from  the 
operation  upon  stationary  racks  supplied  with  respectively  60- 
cycle  current  and  direct  current,  and  afforded  by  filament  break- 
age in  incidental  handling  for  photometric  testing  of  lamps  which 
are  being  life-tested.  This  handling  is  substantially  equivalent 
for  the  two  kinds  of  operation.  Such  filament  breakage  summed 
up  in  the  following  table,  is  the  total  breakage  encountered  in 
the  entire  life-testing  process  in  the  course  of  handling,  photo- 
metering  and  inspecting  of  lamps,  during  equal  hours  of  operation. 

Handling  BREAKAcr;  During  Lamp  Life  Tests 

A-c.  D-c. 


1> 

I0 

Vacuum  type  lamps 

25-watt  lamps                               12.7 

6.0 

40-watt  lamps                .                3.4 

1.6 

SO-watt  lamps                              9.6 

I.I 

60-watt  lamps                               3.9 

6.8 

lOO-watt  lamps                                5.9 

3.0 

Gas-filled  lamps 

75  and  lOO-watt  lamps               13.0 

18.4 

200-watt  lamps                               9.5 

5-3 

Mortality. — In  studying  the  laboratory  performance  of  incan- 
descent lamps,  it  is  our  practice  to  consider  as  natural  failures 
lamps  which  actually  "burn  out"  while  on  the  test  racks,  as  well 
as  those  having  filaments  which  are  broken  in  the  ordinary  course 
of  careful  handling  incidvi^nlal  to  the  testing  work.  In  the  statistics 
presented  in  this  paper,  all  filament  ruptures  are  therefore  as- 
sumed to  be  natural  failures  provided  they  occur  at  times  when 
the  filament  is  believed  not  to  have  received  any  unusual  jar  or 
blow  which  might  have  broken  it. 

The  mortality  characteristics  of  50-watt  Mazda  B  lamps  and 
lOO-watt  Aiazda  C  lamps  upon  alternating  and  direct-current 
circuits  respectively  are  shown  in  Figures  6  and  7.  Among  the 
Mazda  B  lamps  the  mortality  rates  are  quite  similar  for  the  first 
800  hours,  after  which  failures  among  lamps  on  alternating  cur- 
rent occur  with  increasing  frequency,  while  the  mortality  rate 
does  not  change  much  throughout  on  direct  current.  Among  the 
1 00- watt  Mazda  C  lamps,  those  operated  on  direct  current  are 
characterized  by  more  failures  during  the  first  900  hours  and 
subsequently  by  a  lower  rate  of  failure. 
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The  statistics  of  these  failures,  classified  in  200-hour  periods, 
with  data  adjusted  to  efficiencies  necessary  to  yield  a  total  life 
of  1,000  hours  upon  6o-cycle  current,  are  summarized  in  the 
following  table,  which  shows  a  greater  concentration  of  failures 
between  600  and  1,200  hours  among  lamps  operated  upon  alternat- 
ing current  with  fewer  relatively  long  lived  lamps.  It  is  difficult  to 
dissociate  this  result  from  that  previously  shown  of  increased 
breakage  in  alternating-current  operation  particularly  among 
vacuum  lamps,  since  they  may  have  a  common  origin  in  the 
greater  offsetting  of  filaments  encountered  in  alternating-current 
operation,  due  to  the  peculiar  crystallization. 


Faii^ures  in 

200-HouR  Periods 

50-Watt 

vacum 

Gas-filled 

60-cycle 

60-cycle 

a-c. 

d-c. 

a-c. 

d-c. 

Hours 

1' 

i 

1c 

i 

0-200 

0.0 

0.0 

0.0 

1 0.0 

200-400 

0.0 

3.5 

5.0 

7.5 

400-600 

6.9 

3-5 

lO.O 

so 

600-800 

7.0 

6.8 

1 0.0 

lO.O 

800-1000 

41.0 

7.0 

20.0 

1 0.0 

1000- 1200 

34-8 

6.8 

27-5 

20.0 

I20O-I4OO 

0.0 

3-5 

17.5 

5.0 

I 400- I 600 

10.3 

7.0 

5-0 

lO.O 

I 600- I 800 

0.0 

24.0 

2.5 

7.5 

1800-2000 

0.0 

6.8 

2.5 

50 

2000-2200 

0.0 

10.3 

0.0 

5-0 

2200-2400 

0.0 

10.3 

0.0 

5.0 

2400-2600 

0.0 

3-5 

0.0 

0.0 

2600-2800 

0,0 

0.0 

0.0 

0.0 

2800-3000 

0.0 

3-5 

0.0 

0.0 

3000-3200 

0.0 

3.5 

0.0 

0.0 

100 


100 


100 


100 


CONCI^USION 

This  paper  sets  forth  only  the  relative  and  comparable  labora- 
tory performances  of  tungsten  lamps  on  60-cycle  and  direct 
current.    It  does  not  show  absolute  life  values. 

Commercial  tungsten  lamps  give  satisfactory  performance  in 
service  on  either  alternating  or  direct-current  circuits.  It  is  only 
through  careful  laboratory  tests  directed  toward  the  particular 
end  of  discussing  differences  however  minute,  that  any  character- 
istic differences  in  performance  have  been  established.  The 
data  from  these  tests  are  not  conclusive  as  indicating  clearly  any 
superiority  of  one  type  of  electric  service  as  far  as  the  perform- 
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ance  of  the  lamps  may  be  concerned,  but  they  do  supply  interesting 
information  which  may  be  of  importance  in  research  work  and 
for  the  investigation  of  filaments  directed  toward  further  im- 
proving the  lamp  product. 

In  the  testing  of  incandescent  electric  lamps  in  the  laboratory, 
the  tendency  is  to  seek  accurate  reproducibility  of  results  through 
the  elimination  or  standardization  of  variables.  However  strong 
the  arguments  in  favor  of  this  course,  it  is  important  to  remember 
always  that  there  are  many  variables  in  the  use  and  performance 
of  lamps  in  actual  service  which  must  be  taken  into  account  in 
evaluating  lamps  and  in  practical  illuminating  engineering.  In 
order  to  attain  reproducibility,  laboratory  tests  must  be  con- 
ducted under  ideal  conditions,  with  imcertain  and  disturbing 
service  conditions  eliminated  as  far  as  possible  so  as  to  make  the 
test  results  comparable.  These  laboratory  tests  must  be  supple- 
mented, however,  from  time  to  time  by  special  investigations  tc 
ascertain  the  influence  of  each  of  the  important  service  variables, 
to  the  end  that  our  knowledge  of  the  actual  performance  of 
lamps  in  service  may  be  comprehensive  and  of  practical  value. 
The  difference  in  performance  of  tungsten  filament  lamps  upon 
alternating  and  direct  current  is  an  illustration  of  this  point, 
presenting  interesting  information  from  a  scientific  standpoint, 
but  numerically  not  of  sufficient  significance  to  be  of  themselves 
a  compelling  factor  in  the  practical  application  of  lamps  to  com- 
mercial light  circuits. 
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DISCUSSION 

W.  H.  R01.INSON :  It  is  not  my  wish  to  discuss  in  detail  Mr. 
Lieb's  paper,  as  the  value  of  the  technical  work  contained,  there- 
in is  sufficient  unto  itself.  I  wish,  however,  to  take  the  oppor- 
tunity before  this  Society  of  expressing  my  appreciation  of  the 
valuable  work  which  has  been  done  by  the  Lamp  Committee  of 
the  Association  of  Edison  Illuminating  Companies  in  the  matter 
of  making  better  illuminants.  I  think  as  an  illuminating  engineer 
I  may  safely  say  that  one  of  the  principal  reasons  you  have  these 
wonderful  incandescent  lamps  to-day,  uniform  in  quality,  uni- 
form in  light  output  or  nearly  so,  and  the  reason  you  have  satis- 
factory performance  on  any  kind  of  current  is  in  no  small  mea- 
sure due  to  the  research  conducted  through  many  years  by  this 
Lamp  Committee.  I  believe  the  whole  lighting  industry  owes 
them  a  deep  debt  of  gratitude. 

J.  B.  TayIvOr:  There  are  many  ways  in  which  incandescent 
lamps  can  be  tested  and  compared.  The  user  of  a  comparatively 
small  number  of  lamps, — for  example,  the  average  householder, — 
naturally  wishes  to  keep  the  sockets  filled  with  serviceable  lamps, 
but  often  worries  along  with  partial  replacements  because  of  the 
special  effort  in  time  and  planning  to  select  and  purchase  a  few 
renewals.  It  is  probably  procrastination  rather  than  expense 
which  delays  replacements  with  the  majority  of  customers. 

Now  a  bare  statement  of  one  of  the  conclusions  of  this  paper, 
that  a  lamp  operated  on  alternating  current  will  fail  sooner  than 
the  same  lamp  would  if  operated  at  the  same  voltage  on  direct 
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current,  is  a  disturbing  fact  to  lodge  in  the  backs  of  the  heads 
of  a  large  number  of  customers  of  a-c.  service.  The  fact,  also 
found  in  the  paper,  that  for  the  shorter  life  there  are  other  char- 
acteristics which  compensate,  or  perhaps  more  than  compensate, 
is  not  easy  to  demonstrate  and  is  beyond  the  comprehension  of 
many. 

From  the  data  presented  it  appears  that  if  further  tests  are 
made,  or  new  curves  plotted  on  a  different  basis  of  comparison 
from  data  already  available,  other  conclusions  just  as  true  but 
giving  a  different  impression  to  the  casual  lamp  user  may  be 
presented.  Such  a  comparison  would  be  not  on  the  basis  of 
operating  the  lamps  on  a-c.  and  d-c.  at  a  voltage  giving  equal 
light  efficiency  when  the  lamps  are  new,  but  at  one  voltage  for 
a-c.  and  another  voltage  for  d-c.  which  will  give  the  same  average 
efficiency  figured  throughout  the  life  of  the  lamp.  In  order  to 
obtain  equal  average  efficiency  and  also  equal  life  from  two 
identical  lamps,  one  on  a-c,  the  other  on  d-c,  the  terminal  voltage 
d-c.  must  be  kept  higher  than  the  a-c.  voltage.  More  concretely, 
though  I  am  jumping  at  the  figures  to  illustrate  the  point:  115- 
volt  lamp  on  a-c,  maintain  113  volts;  115-volt  lamp  on  d-c,  main- 
tain 117  volts. 

By  the  time  these  lamps  have  lived  their  life,  each  will  have 
given  approximately  the  same  number  of  lumen-hours  and  each 
will  have  caused  the  meter  to  register  about  the  same  number  of 
kilowatt-hours.  But  the  a-c.  lamp  will  have  worked  more  even- 
ly, and  the  d-c  lamp  will  have  worked  hard  when  young  and 
then  taken  things  easier  after  middle  life. 

Ward  Harrison  :  There  are  several  matters  pertaining  to 
lamp  performance  which  have  long  been  puzzling,  but  which  are 
cleared  up  at  once  by  the  admirable  presentation  of  the  facts  to 
which  we  have  just  listened.  For  example,  it  has  been  our  ex- 
perience that  the  life  of  incandescent  lamps  in  industrial  plants 
is  frequently  longer  than  on  our  own  test  racks  even  though 
operated  at  the  same  average  voltage.  Inasmuch  as  the  lamps 
out  in  service  are  subject  to  more  severe  vibration  than  on  our 
racks  and  also  since  for  the  same  average  voltage  the  extremes 
are  much  greater  it  has  always  been  hard  to  believe  the  figures. 
However,  when  we  couple  with  Mr.  Lieb's  data  the  fact  that 
perhaps  a  majority  of  the  industrial  plants  use  direct  current  the 
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answer  is  obvious.  It  likewise  becomes  clear  why  we  sometimes 
find  lamps  operating  at  considerably  less  than  rated  candle- 
power  in  such  plants. 

Louis  Be:li.  :  I  think  Mr.  Lieb  is  vastly  to  be  felicitated  on 
the  successful  outcome  of  this  long  and  laborious  investigation. 

I  remember  very  long  ago  now,  when  the  tantalum  lamp  first 
turned  up,  conducting  some  experiments  leading  to  results  such  as 
Mr.  lyieb  showed,  and  it  then  became  clearly  evident  that  the 
tantalum  was  not  in  it  as  an  a-c.  proposition. 

With  the  advent  of  the  tungsten  lamp  the  same  question  in  a 
very  greatly  modified  form  began  to  come  up,  to  which  the  answer 
has  just  been  given. 

The  interesting  thing  from  the  practical  standpoint,  aside  from 
noting  the  really  small  difference  in  the  performance  of  the  lamps 
as  a  whole,  is  that  now  for  the  first  time  we  seem  to  have,  at  least 
for  a-c.  service,  the  kind  of  lamp  that  we  have  been  looking  for 
for  a  good  many  years,  the  kind  of  lamp  which  goes  on  cheer- 
fully at  a  good  efficiency  up  to  a  certain  point,  and  then  presto, 
goes  out.  Dr.  Osier  some  years  ago  made  strenuous  remarks 
about  the  desirability  of  chloroforming  some  of  his  dear  col- 
leagues at  a  certain  point  in  their  senescence.  His  theory  seems  to 
have  been  rather  neatly  carried  out  on  this  a-c.  use  of  the  tung- 
sten lamp :  it  goes  to  about  a  thousand  hours  and  then  it  drops 
rapidly,  going  down  with  increasing  speed,  so  that  nobody  is 
encouraged  to  use  it;  after  about  the  proper  length  of  life,  it 
is  down-and-out.  It  is  just  what  we  have  been  looking  for  in  a 
general  way.  The  remarkable  thing  about  it  is  that  a  lamp  which 
was  not  produced  with  any  conception  of  this  particular  property 
should  have  automatically  shown  it. 

G.  H.  Stickney  :  Question  has  been  raised  as  to  the  method 
of  plotting  the  curves.  I  prefer  that  used  in  the  paper,  for  the 
reason  that  it  is  simple  and  definite,  and  does  not  suggest  an  over 
emphasis  on  the  slight  difference.  The  data  is  of  interest  to  those 
who  study  lamp  performance  with  exactness.  I  can  see  how 
lamp  engineers,  testing  authorities,  and  some  central  station  ex- 
perts would  desire  this  information.  They  would  know  how  to 
use  it,  and  could  shift  the  curves  to  meet  the  requirements  of  a 
specific  problem. 
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The  tests  show  so  Httle  difference  between  the  performance  on 
d-c.  and  a-c,  that  so  far  as  the  vast  majority  of  light  users  are 
concerned,  no  distinction  should  be  made.  They  will  be  bene- 
fited by  regarding  the  lamps  as  interchangeable. 

Some  ten  years  or  more  ago,  there  was  quite  a  little  correspon- 
dence published  in  the  electrical  press  over  the  effect  of  various 
a-c.  wave  forms  on  lamp  performance.  I  assume  this  would 
effect  an  even  smaller  difference  than  that  between  a-c.  and  d-c. 
I  would  like  to  inquire  if  anything  regarding  wave  shape  was 
brought  out  in  these  tests. 

A.  H.  Taylor:  I  wanted  to  ask  whether  there  was  any  dif- 
ference found  in  initial  efficiencies  of  lamps  measured  on  d-c. 
and  a-c.  For  instance,  if  you  measure  the  lamp  at  no  volts, 
a-c,  would  the  candlepower  and  efficiency  be  the  same  at  no 
volts,  d-c.  ?  I  would  like  to  know  in  photometering  these  life 
test  lamps,  whether  lamps  which  were  life  tested  on  a-c.  were 
photometered  on  a-c.  for  the  purposes  of  this  investigation? 

L.  C.  Porter:  Mr.  Lieb  touched  on  one  point  in  his  paper 
which  seems  to  me  to  suggest  some  further  valuable  research. 
Where  we  are  studying  the  details  of  lamp  performance  and 
getting  down  to  such  minute  differences  as  are  brought  about  be- 
tween the  use  on  a-c.  and  d-c,  it  certainly  would  be  interesting 
to  get  more  accurate  data  than  is  now  available  for  the  use  of 
lamps,  for  example,  under  vibration  and  for  the  use  of  flashing 
lamps.  The  applications  are  coming  now  of  lamps  in  many  cases 
where  they  are  subject  to  different  kinds  of  vibrations,  particu- 
larly in  railway  signal  work.  We  have  been  up  against  quite  a  lot 
of  difficulty,  due  to  the  lamps  that  are  put  on  the  signals  being 
subject  to  vibration  each  timxC  a  train  passes,  and  it  seems  to 
make  quite  a  little  difference  in  the  performance  of  the  lamps  as 
compared  with  their  performance  when  they  are  not  subject  to 
such  vibration. 

Also,  in  the  application  of  lamps  in  flashing  signals,  such  as 
.these  highway  crossing  beacons,  and  signals  for  lighthouse  ser- 
vice ;  those  are  fields  in  which  lamps  are  going  to  be  used  in  in- 
creasing numbers  and  further  research  on  these  conditions  would 
certainly  be  a  very  valuable  contribution. 

P.  v^.  Millar  :  Dr.  Taylor's  suggestion  about  purchasing  lamps 
of  one  or  another  voltage,  depending  upon  whether  they  are  to  be 
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used  upon  a-c.  or  d-c.  seems  to  me  to  involve  a  needless  complica- 
tion. As  Mr.  Lieb  has  pointed  out,  even  in  the  case  of  the 
vacuum  type  tungsten  lamps,  where  the  performance  differences 
are  larger,  the  somewhat  longer  life  is  balanced  by  a  lower  mean 
efficiency  throughout  life,  so  that  the  user  receives  service  from 
the  lamp  of  substantially  the  same  value  in  either  case,  and  in 
either  event  the  lamp  life  is  so  adequate  that  the  difference  is  not 
felt  by  the  user  of  the  lamp. 

Dr.  Taylor  asks  one  or  two  questions  which  might  in  part  be 
answered  by  saying  that  at  Electrical  Testing  Laboratories  the 
photometry  is  carried  out  on  storage  battery  circuits.  As  to  the 
measurement  of  any  possible  slight  differences  in  light  output 
on  respectively  d-c.  and  a-c,  it  may  be  said  that  in  our  commer- 
cial lamp  testing  work  we  have  not  made  a  study  of  that  matter. 
In  commercial  lamp  testing  we  have  quite  difficulties  enough  in 
determining  with  necessary  accuracy  the  efficiency  of  lamps  on 
direct  current  without  worrying  about  any  possible  slight  dif- 
ference in  initial  efficiency  there  may  be  as  between  a-c.  and  d-c. 
operation. 

E.  C.  Crittenden  :  If  you  refer  to  the  articles  published, 
which  Mr.  Stickney  mentioned,  you  will  find  these  later  questions 
answered.  As  I  recall,  the  difference  in  efficiency  between  a-c. 
and  d-c.  of  the  same  equivalent  voltages  is  of  the  order  of  one- 
sixth  of  one  per  cent. 

C.  H.  Sharp  :  I  just  want  to  j>oint  out  that  that  depends  upon 
the  diameter  of  the  filament.  If  the  filament  is  fine  enough  so 
that  the  thermal  lag  is  very  small,  then  you  are  going  to  get  the 
effect  of  a  power  factor  in  an  incandescent  lamp,  that  is  a  lead- 
ing current.  But  with  commercial  lamps,  of  25  watts  or  above, 
the  difference  of  efficiency  at  given  voltages  on  d-c  and  a-c.  is 
so  small  that  we  have  never  been  able  to  discover  it — and  we  have 
tried. 

John  W.  Lieb  :  Questions  that  have  been  asked  have  already 
been  answered  more  or  less  satisfactorily  in  the  discussion  as  it 
has  developed.  On  the  question  of  the  service  satisfaction  af- 
forded by  lamps  having  somewhat  longer  or  shorter  lives,  I 
want  to  say  that  the  problem  is  psychological  as  well  as  economi- 
cal. 
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A  few  years  ago  in  the  course  of  the  work  of  the  Lamp  Com- 
mittee of  the  Association  of  Edison  Illuminating  Companies,  an 
attempt  was  made  to  ascertain  what  life  characteristics  are  most 
desired  by  the  average  user  of  lamps.  Within  certain  limits 
longer  lamp  life  may  be  had  for  slightly  increased  cost  of  light, 
when  this  cost  is  taken  to  include  both  the  cost  of  the  current  and 
the  cost  of  the  lamp.  Conversely,  within  certain  limits,  light 
may  be  had  at  a  somewhat  less  cost  through  incurring  more  fre- 
quent outages  and  lamp  replacements  due  to  shorter  life  of  lamps. 
Seven  or  eight  alternative  propositions  were  presented  to  a 
variety  of  people  who  pay  lighting  bills.  Thus,  under  certain  con- 
ditions, in  a  moderate  sized  residence,  a  lighting  service  may  be 
had  at  a  cost  of  $3.00  per  month  with  a  failure  of  one  lamp  per 
month  on  the  average.  Or,  by  paying  $3.06  per  month  for  light, 
the  failures  might  be  reduced  on  the  average  to  one  every  six 
weeks,  or  by  paying  $3.27  per  month  for  light,  the  frequency  of 
failures  might  be  reduced  to  one  in  three  months. 

The  conclusion  of  this  canvass  was  that  there  is  no  general 
inclination  either  in  the  direction  of  obtaining  light  at  the  lowest 
possible  cost  irrespective  of  frequency  of  lamp  failures  or  in  the 
direction  of  reducing  the  frequency  of  lamp  failures  to  a  very 
low  figure  at  some  added  expense  for  light.  The  choice  of  in- 
dividuals ran  the  whole  gamut  of  the  seven  or  eight  alternatives, 
there  being  no  consensus  indicated. 

Out  of  this  experience  emerged  the  curious  indication  that 
1,000  hours,  adopted  in  a  more  or  less  haphazard  way  as  a  gen- 
eral figure  to  represent  desirable  life  for  incandescent  lamps, 
probably  meets  the  requirements  of  commercial  and  domestic  ser- 
vice as  well  as  any  other  figure  that  can  be  adopted. 

R.  E.  Myers*  (Communicated)  :  Mr.  Lieb's  most  interesting 
paper  brings  out  the  fact  that  alternating  current  burning  has  a 
rather  marked  effect  on  the  life  and  filament  crystallization  of 
some  types  of  lamps  in  comparison  with  direct  current. 

Figs.  I  and  2  show  that  the  filament  crystallization  or  grain 
growth  is  considerably  increased  by  burning  on  alternating  cur- 
rent. It  is  evident,  from  a  consideration  of  the  tables  given  in 
this  paper,  that  this  crystallization  has  a  considerable  effect  on  the 

*Chief  Engineer,   VVcstinghouse  Lamp  Company,   Bloomfield,   N.  J. 
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life  and  strength  of  the  lamps.  To  make  this  more  obvious,  data 
in  slightly  different  form,  which  was  obtained  from  the  tables  on 
life  test,  has  been  arranged  in  the  following  comparison : 

Handling  breakage 
Per  cent  burnout  above  80  per  cent  initial  lumens  during  the  lamp  life  tests 


A-C. 

D-C. 

A-C. 

D-C. 

Mazda  B 

Per  cent 

Per  cent 

Per  cent 

Per  cent 

25-watt 

50.0 

50 

12.7 

6.0 

40- watt 

27.2 

2.25 

3.4 

1.6 

50- watt 

23.2 

2.1 

9.6 

I.I 

60- watt 

17.8 

7.3 

3-9 

6.8 

1 00- watt 

7.5 

6.3 

5.9 

3.0 

Mazda    C 

75 -watt 

62.0 

344    75 

and  iioo- 

•watt 

13-0 

18.4 

100- watt 

58.0 

21.6 

— 

— 

200-watt 

21.0 

5-5 

9.5 

5.3 

This  data  shows  that  the  per  cent  failures  above  80  per  cent 
initial  lumens  are  considerably  greated  on  a-c.  than  on  d-c,  par- 
ticularly in  the  smaller  wattages.  This  is  natural,  since  burnouts 
are  more  or  less  closely  related  to  deleterious  filament  crystalliza- 
tion. 

A  corresponding  difference  apparently  exists  in  the  handling 
breakage  during  life  test.  As  before,  the  breakage  on  a-c.  is  con- 
siderably greater  than  on  d-c,  particularly  in  the  smaller  sizes  of 
filament,  where  filament  crystallization  is  more  of  a  factor  in  the 
strength. 

For  some  reason  there  is  a  reversal  in  the  75  and  lOO-watt  gas- 
filled  lamps  but  this  need  not  affect  the  general  conclusion,  since 
slight  discrepancies  can  easily  be  explained  by  differences  in  fila- 
ments, no  special  effort,  of  course,  having  been  made  to  have  fila- 
ment from  the  same  spool  in  the  lamps  which  were  submitted  to 
the  alternating  current  and  direct  current  burning. 

The  exact  cause  of  the  increased  crystallization  on  a-c.  burn- 
ing is  perhaps  unknow^n.  However,  a  filarpent  operating  on  a-c. 
must  be  subjected  to  internal  thermo-mechanical  strains  due  to 
the  temperature  fluctuations  which  occur  twice  on  each  cycle. 
The  thinner  the  filament,  the  greater  is  this  temperature  fluctua- 
tion. We  can  readily  imagine  that  these  thermo-mechanical 
strains,  due  to  expansion  and  contraction,  would  bring  about  slip- 
pages at  the  crystal  surfaces,  which  might  result  in  the  develop- 
ment of  weak  spots,  which  might  cause  burnouts  or  general  lack 
of  strength  in  the  lamp. 
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Though  the  above  seems  likely  to  be  the  most  important  action 
of  the  a-c,  we  may  note  that  the  swinging  or  vibration  of  a  fila- 
ment section  may  also  affect  its  life.  In  the  commercial  use  of 
a  lamp  such  vibration  is  more  likely  to  occur  with  a-c.  than  with 
d-c.  operation.  A  section  of  filament  that  is  not  under  tension  be- 
tween the  supports  has  no  natural  frequency  of  vibration  but 
any  section  that  is  under  tension  has  such  a  natural  frequency. 

If  an  outside  rhythmic  disturbance  of  this  frequency  is  com- 
municated to  the  filament,  the  latter  may  respond  and  a  slight  dis- 
turbance may  cause  a  violent  vibration.  Lamp  filaments  burning 
on  either  a-c.  or  d-c.  would  vibrate  in  response  to  mechanical  vi- 
brations of  this  kind  but  with  alternating  current,  the  possibility 
of  such  a  rhythmic  disturbance  is  always  present,  since  we  have 
on  the  one  hand,  the  force  of  the  earth's  magnetic  field  pulling 
upon  the  current-carrying  filament  and  on  the  other  hand,  we  have 
the  alternating  increase  and  decrease  of  length  of  the  filament 
section  caused  by  expansion  and  contraction.  This  may  set  the 
section  into  transverse  vibration,  just  as  a  string  can  be  made  to 
vibrate  transversely  by  having  one  end  fixed  and  the  other  at- 
tached to  a  tuning  fork  in  such  a  way  that  the  tension  is  alter- 
nately increased  and  decreased  as  the  fork  vibrates.  Since  ordi- 
narily, however,  it  is  only  occasionally  that  filaments  vibrate,  we 
cannot  attach  much  importance  to  the  effect  of  vibration  upon 
lamp  life.  At  least  we  can  eliminate  with  fair  safety  this  item 
from  our  consideration  of  the  life  tests  given  by  the  author. 

One  would  say,  therefore,  that  it  is  probable  that  the  crystal 
slippages  produced  by  alternate  expansion  and  contraction  are 
the  main  cause  of  the  difference  between  a-c.  and  d-c.  burning. 

In  Mr.  Lieb's  paper,  reference  is  made  to  a  paper  by  Dr.  C.  H. 
vSharp,  in  the  Transactions  of  the  A.  I.  B.  B.,  Vol.  25,  page  828, 
and  the  discussion  of  same  by  Dr.  C.  P.  Steinmetz.  In  Dr.  Sharp's 
paper  the  statement  is  made  or  implied  that  the  pressed  tungsten 
filament  does  not  crystallize.  This  statement  was  made  six 
months  before  the  first  low  wattage,  pressed  filament  tungsten 
lamps  were  put  on  the  market  in  this  country,  which  occurred  in 
the  summer  of  1907.  Moreover,  the  conclusion  reached  by  Dr. 
Sharp  was  based  on  the  testing  of  a  very  limited  num1)er  of  for- 
eign made  lamps  and  these  were  of  a  size  in  which  the  filament 
does  not  offset  readily. 
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In  Dr.  Steinmetz's  discussion  of  Dr.  Sharp's  paper,  he  predicted 
that  a  ductile  tungsten  filament,  if  obtained,  would  be  unsuitable 
for  a-c.  In  other  words,  from  his  knowledge  of  ductile  tantalum 
and  other  pure  metals  such  as  wrought  iron,  he  concluded  that 
pure  tungsten  would  also  offset  under  a-c.  Since  it  was  not  com- 
mon knowledge  in  1906  that  the  cr}^stallization  could  be  delayed 
or  prevented  from  the  practical  standpoint,  it  was  perfectly  nat- 
ural for  Dr.  Steinmetz  to  conclude  that  ductile  tungsten  would 
crystallize,  where  the  pressed  tungsten  filament  apparently  would 
not. 

In  Mr.  Lieb's  paper,  credit  is  given  to  Dr.  W.  D.  Coolidge  for 
the  addition  of  thoria  to  drawn  wire  for  the  purpose  of  preventing 
tungsten  filament  crystallization.  The  facts  are,  however,  that 
tungsten  filament  has  a  natural  inclination,  like  most  metals,  to 
crystallize  whether  the  filament  is  pressed  or  drawn.  This  tend- 
ency to  crystallize  can  be  hastened  in  certain  ways  and  it  can 
also  be  retarded  or  prevented  in  so  far  as  the  practical  life  of  the 
lamp  is  concerned.  The  prevention  of  crystallization  in  tungsten 
filament  has  been  the  subject  of  special  investigation  in  the  West- 
inghouse  Lamp  Company  for  many  years.  Dr.  Anton  Lederer  of 
the  Westinghouse  Austrian  factory,  in  the  year  1906,  or  perhaps 
earlier,  first  conceived  the  idea  of  preventing  or  delaying  the  in- 
jurious crystallization  of  tungsten,  which  occurs  during  the  burn- 
ing life  of  the  filament.  This  was  at  least  four  years  before 
the  idea  of  using  offset-preventing  material  was  introduced  into 
the  Coolidge  drawn  wire  application.*  Dr.  Lederer  applied  for 
a  patent  in  the  United  States  in  December,  1906,  and  this,  with 
basic  claims,  was  granted  to  him  in  April,  19 16.  His  English 
patent  was  issued  in  1907. 

Dr.  Lederer's  invention  covers  the  introduction  of  thoria  and 
other  oxides  into  tungsten  for  the  prevention  or  delay  of  injurious 
crystallization ;  that  is,  crystallization  which  interferes  materially 
with  the  normal  life  of  the  lamp. 

Since,  as  will  be  shown,  pure  tungsten  offsets  in  both  pressed 
and  drawn  wire  filaments,  the  inference  drawn  by  Mr.  Lieb  from 
Dr.  Sharp's  work  is,  in  the  opinion  of  the  writer,  incorrect.  How- 
ever, it  is  rather  interesting  to  note  that  the  Patent  Office  placed 
the  same  interpretation  on  Dr.  Sharp's  statement  by  citing  same 
as  a  reference  against  Dr.  Lederer's  application.     Nevertheless 

*See    History   of    Coolidge    Patent. 
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the  Patent  Office  was  convinced,  by  evidence  submitted  by  the 
Westinghouse  Lamp  Company  covering  certain  phases  of  their 
work  along  this  Hne,  that  Dr.  Sharp's  statement  was  not  a  proper 
reference  as  first  given,  and  it  was  withdrawn. 

Two  years  before  the  CooUdge  drawn  wire  patent  was  granted, 
we  discovered  in  our  Laboratories  at  Bloomfield,  that  oxides  other 
than  those  mentioned  in  the  Lederer  appHcation  prevented  the 
early  crystallization  of  fine  tungsten  filament.  The  introduction 
of  lime  and  magnesia  into  the  filament  gave  about  as  good  results 
as  are  obtained  by  the  use  of  thoria.  Casein  was  used  as  an 
organic  binder  with  the  metal  tungsten  powder  to  make  the  so- 
called  paste  from  which  the  filament  was  pressed.  This  casein 
was  put  tlirough  a  very  careful  purification  process  in  order  to 
free  it  from  ash.  The  metallic  tungsten  used  was  also  extremely 
pure.  To  this  mixture,  oxides  of  lime  and  magnesia  were  added. 
Filaments  made  from  this  mixture  would  burn  throughout  their 
normal  life  without  showing  offsetting  at  all,  or  at  least  not  be- 
fore the  desired  life  was  attained.  Filaments  made  up  from  the 
same  tungsten  metal  and  the  same  casein  without  the  oxides 
were  practically  worthless  on  account  of  filament  crystallization 
or  offsetting.  Such  filaments  on  the  average  did  not  give  much 
more  than  30  per  cent  of  the  life  obtained  from  the  filaments 
containing  the  lime  and  magnesia. 

I  would  like  to  mention  also  in  this  connection  that  offsetting 
in  vacuum  is  a  function  of  the  size  of  the  filament.  Although 
offsetting  occurs  sometimes  in  0.6  ampere  filament  and  larger 
filament,  it  is  not  generally  injurious  to  the  life  of  the  filament 
on  sizes  carrying  0.4  ampere.  Lamps  of  25  watts  of  the  loo-volt 
grade  and  smaller  would  be  practically  worthless  if  offset  resist- 
ing materials  were  not  introduced  into  the  filament. 

Naturally,  when  the  manufacture  of  drawn  wire  was  started 
at  the  Westinghouse  Lamp  Company  about  two  years  before 
the  issue  of  the  Coolidge  drawn  wire  patent,  we  looked  for  off- 
setting in  pure  drawn  wire  and  we  found  it.  The  introduction 
of  lime  and  magnesia  or  thoria  into  the  drawn  wire,  as  witli  the 
pressed  filament,  prevented  objectionable  offsetting.  As  before 
stated,  presentation  of  the  aliove  facts  overcame  the  examiner's 
misintt'rpret.'ilion  of  tlie  leference  to  Or.  v^liarp's  statement  tliat 
tungsten  filament  laini)s  did  not  offset. 
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Microphotograhs  are  shown  below,  illustrating  offsetting  in 
pressed  and  drawn  tungsten  jfilaments. 

The  similarity  in  the  crystallization  of  pure  tungsten,  whether 
it  is  pressed  or  drawn,  is  illustrated  by  Figs.  8  and  lo.  Very  defi- 
nite offsets  are  shown  in  both  microphotographs. 

Figs.  9  and  ii  show  the  crystallization  of  the  pressed  and  drawn 
filament  respectively,  with  thoria  present.  Fig.  9  shows  a  some- 
what rougher  condition  than  Fig.  11  for  two  reasons;  first, 
pressed  filament  is  not  as  smooth  initially  as  drawn  wire  and  sec- 
ond, the  crystallization  is  further  developed  due  to  the  greater 
burning  period. 

In  Figs.  12  and  13  the  surface  crystallization  is  emphasized  by 
reflected  light.  These  are  not  the  same  filaments  as  those  pictured 
in  Figs.  10  and  11. 

In  Figs.  14  and  15  cross  sections  are  shown  of  pure  drawn  wire 
and  thoriated  drawn  wire  filaments,  which  have  been  burned  for 
a  short  time  to  develop  crystallization.  It  is  quite  evident  that 
the  thoria  influences  crystal  growth  to  a  marked  degree.  As  the 
filament  shown  in  Fig.  14  continues  to  burn,  the  larger  crystals 
will  more  or  less  rapidly  absorb  the  smaller  ones  and  in  a  com- 
paratively short  time  they  will  extend  across  the  diameter  of  the 
wire.  When  this  condition  is  attained,  the  development  of  offsets 
is  the  natural  result. 

Fig.  15  shows  that  the  presence  of  thoria  has  a  marked  influence 
on  crystal  growth.  The  thoria,  which  can  be  seen  in  the  photo- 
graphs in  the  form  of  fine  dots,  gradually  works  in  between  the 
crystal  surfaces  during  subsequent  burning  and  greatly  retards 
the  formation  of  the  larger  crystals  which,  under  certain  condi- 
tions, produce  offsetting. 


J 


Fig.     8. — Pressed    filament     ot 
pure  tungsten.  Burned  839  hours. 


Fig.  9. — Pressed  filament,  0.8 
per  cent  thoria.  Burned  1760 
hours. 


Fig.     10. — Drawn    filament     of 
pure  tungsten.   Burned  823  hours. 


Fig.    II. — Drawn    filament,    0.8 
per     cent     thoria.       Burned     876 

hours. 


Fig.  12. — Drawn  filamcMil  of 
pure  tungsten  showing  surface 
crystallization. 


Fig.  13. — Drawn  filament  of 
0.8  per  cent  thoria  .showing  sur- 
face crystallization. 


li'.;.    I  |.      S(  ctioii  of  dr.iwii  fila- 
iiii  111  of  piiM-  tungsten. 


I'ig.    15.      SiHiioi\  of  (liawii  ill  I 
nil  lit    of    o.S    |n-i     iiiit     iliiii  1.1. 


REPORT  OF  COMMITTEE  ON  MOTOR  VEHICLE 
LIGHTING  1921-1922* 


Revised  Specifications.  The  principal  work  of  the  Committee 
during  the  past  year  has  been  the  revision  of  the  "Rules  Govern- 
ing the  Approval  of  Headlighting  Devices  for  Motor  Vehicles." 
This  revision  was  approved  by  the  Council  of  the  Society  at  its 
meeting  on  January  12th.  The  rules  so  revised,  together  with 
a  statement  regarding  the  necessity  for  the  revision  have  been  in- 
cluded in  the  Interim  Report  of  this  Committee  which  was  pub- 
lished in  the  Transactions  of  the  Society  for  February,  1922. 

The  revised  rules  were  at  once  adopted  by  the  states  of  Mas- 
sachusetts and  Connecticut.  At  the  July  meeting  of  the  Con- 
ference on  Motor  Vehicle  Administrators  a  resolution  was  unani- 
mously adopted  that  this  Conference  accept  and  approve  these 
revised  rules.  This  conference  is  composed  of  Motor  Vehicle 
Administrators  of  the  states  of  Maine,  New  Hampshire,  Vermont, 
Massachusetts,  Rhode  Island,  Connecticut,  New  York,  New  Jer- 
sey, Pennsylvania  and  Maryland  The  approval  of  the  I.  E.  S. 
rules  by  these  states  should  go  a  long  way  toward  establishing 
them  as  the  recognized  standard.  Furthermore,  the  Society  of 
Automotive  Engineers  have  adopted  as  Recommended  Practice 
for  Laboratory  Tests  for  Regulatory  Purposes  Part  i  of  the  rules, 
which  covers  actual  tests  and  numerical  values,  the  only  portion 
of  the  rules  which  they  deem  comes  within  their  scope.  For 
Laboratory  Tests  for  Desirable  Illumination  they  have  adopted 
as  Recommended  Practice  values  providing  a  higher  road  ilkmii- 
nation. 

American  Engineering  Standards  Committee.  As  noted  in  last 
year's  report,  the  rules  of  this  Committee  were  laid  before  the 
American  Engineering  Standards  Committee  for  adoption  as  a 
tentative  American  standard.     No  action  had  been  taken  by  that 

•A  report  presented  at  the  Annual  Convention  of  the  Illuminating:  Engineer- 
injj    Society,    Swampscott,    Mass.,    Sept.    25-28,    IQ22. 

The  IlluminatinK  RnRincering  Society  is  not  responsible  for  the  statements  or 
opinions  advanced  by  contributors. 
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time,  and  when  it  was  apparent  that  a  revision  of  the  rules  would 
be  required,  the  A.  E.  S.  C.  was  requested  to  reserve  action  until 
the  revision  had  been  completed.  When  this  had  been  done,  a 
special  committee  of  the  A.  E.  S.  C.  met  to  consider  the  matter. 
This  Committee  consisted  of  the  following  persons : 

C.  F.  Clarkson,  Chairman,  Society  of  Automotive  Engineers 

C.  W.  Ailing,  Underwriters  Laboratories 

M.  G.  Lloyd,  Bureau  of  Standards 

Bert  Lord,  Conference  of  Motor  Vehicle  Administrators 

R.  W.  E.  Moore,  Electrical  Manufacturers  Council 

A.  C.  Morrison,  Gas  Group,  Compressed  Gas  Mfrs.  Assn. 

J.  W.  O'Connor,  International  Traffic  Officers'  Assn. 

David  Van  Schaak,  Safety  Group,  Aetna  Life  Insurance  Co. 

C.  H.  Sharp,  Illuminating  Engineering  Society. 

The  Committee  concluded,  after  considerable  deliberation,  that 
while  there  was  abundant  evidence  to  show  that  the  old  specific- 
ation represented  the  standard  in  general  use,  yet  the  revised  rules 
having  been  adopted  at  that  time  by  only  two  states  hardly  came 
under  the  same  category.  It  was  decided  therefore  to  suspend 
action  with  a  view  to  seeing  if  the  revised  rules  should  not  be 
adopted  by  a  sufficient  number  of  states  so  as  to  make  it  perfectly 
clear  that  they  were  a  generally  adopted  American  standard.  Evi- 
dently the  adoption  of  the  rules  by  the  Interstate  Conference  of 
Motor  Vehicle  Administrators  has  now  changed  this  whole  situ- 
ation. 

Rear  Lamp  Specifications.  Mr.  A.  W.  Devine  of  the  State  of 
Massachusetts,  called  the  Committee's  attention  to  the  fact  that  a 
recently  passed  Massachusetts  law  required  the  use  of  approved 
tail  lamps  in  that  state.  Under  this  law  the  registrar  may  require 
such  tests  as  he  may  deem  sufficient  and  may  issue  regulations 
governing  the  use  of  approved  tail  lamps.  Mr.  Devine  further 
suggested  that  it  would  be  desirable  if  this  Committee  were  to 
draw  up  a  set  of  rules  and  specifications  for  such  tests.  Inasmuch 
as  this  was  a  matter  which  involved  various  structural  questions 
and  was  of  very  wide  interest,  the  Committee  invited  the  Lighting 
Division  of  the  Society  of  Automotive  Engineers  to  join  with  it 
in  its  consideration.  A  joint  meeting  of  the  two  committees  was 
accordingly  held  and  the  matter  discussed  at  great  length. 
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Finally  a  joint  sub-committee  consisting  of 

A.  W.  Devine,  Chairman 

E.  C.  Crittenden 

C.  E.  Godley 

W.  F.  Little 

H.  H.  Magdsick 

C.  A.  Michel 

G.  H.  Stickney 
was  appointed  to  make  a  draft  of  specifications  and  to  submit 
them  to  the  main  Committee  at  an  early  date.    This  meeting  was 
held  late  in  the  year  and  the  joint  sub-committee  has  not  yet 
reported  its  findings. 

Standard  Colors  of  Traffic  Signals.  At  the  request  of  the 
Council  of  the  Society  this  Committee  addressed  a  letter  to  the 
American  Engineering  Standards  Committee,  calling  attention  to 
the  importance  of  the  standardization  of  colors  for  traffic  signals, 
a  matter  which  with  the  increased  number  of  traffic  signals  on  the 
street  is  becoming  very  urgent,  and  suggesting  that  a  conference 
of  interested  parties  be  called  by  the  American  Engineering 
Standards  Committee  on  this  subject.  A  similar  letter  requesting 
a  conference  was  sent  in  by  the  President  of  the  International 
Traffic  Officers  Association.  Acting  upon  this  suggestion  the  A. 
E.  S.  C.  called  a  conference  which  was  held  on  April  10,  1922  and 
which  was  very  largely  attended  by  representatives  of  a  great 
variety  of  interests.  The  matter  was  discussed  and  the  conference 
resolved  that  the  standardization  of  colors  of  traffic  signals  should 
be  carried  out  under  the  auspices  of  the  American  Engineering 
Standards  Committee,  and  in  accordance  with  the  regular  pro- 
cedure of  that  Committee.  The  matter  of  the  appointment  of 
sponsor  bodies  for  i)utting  this  into  effect  was  referred  to  a  sub- 
committee. The  Illuminating  Engineering  Society  was  promi- 
nently mentioned  as  a  sponsor  body  for  this  work,  but  the  re])re- 
sentative  of  this  Society  on  the  Committee  did  not  urge  tliis, 
deeming  the  matter  under  consideration  to  1)c  one  which  is  to  only 
a  secondary  degree  a  matter  of  illuminating  engineering.  I'he 
sponsor  bodies  finally  chosen  were  the  National  Safety  Council 
and  the  Bureau  of  Standards.  Subsequently  the  American  .^s- 
sociation  of  Stale  Highway  Officials  was  named  as  a  third  spon- 
sor body.     The  Illuminating  Engineering  Society  therefore,  after 
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having  proposed  the  matter,  is  in  a  position  where  it  can  par- 
ticipate actively  in  the  deUberations  of  the  Sectional  Committee 
which  will  have  the  matter  in  charge  without  assuming  the  heavy 
burden  of  sponsorship. 

It  will  appear  from  the  foregoing  that  the  year  has  been  one 
of  considerable  activity  on  the  part  of  the  Committee,  and  it  is 
to  be  hoped  that  its  efforts  will  result  in  a  further  contribution 
to  public  welfare  which  can  be  accredited  to  the  Illuminating  En- 
gineering Society. 

Respectfully  submitted, 

COMMITTKK  ON  MOTOR  VEHICLE  LIGHTING  I92I-I922 

F.  C.  Caldwell  W.  A.  McKay 

G.  N.  Chamberlain  A.  L.  McMurtry 
P.  W.  Cobb  H.  H.  Magdsick 
E.  C.  Crittenden  L.  C.  Porter 

A.  W.  Devine  C.  H.  Sharp,  Chairman 

J.  A.  HoEVELER  G.  H.  Stickney 

W.  F.  Little,  Secretary  L.  E.  Voyer 


DISCUSSION 

E.  C.  Crittenden  :  As  Mr.  Porter  has  already  said,  a  cam- 
paign of  education  is  the  thing  that  is  most  needed  in  order  to 
accomplish  an  improvement  in  lighting  conditions  on  our  high- 
ways. There  is  one  aspect  of  this  matter  that  I  would  like  to  em- 
phasize ;  that  is  that  the  requirements  or  specifications  for  which 
the  Society's  Committee  is  largely  responsible  are  especially  fitted 
for  such  a  campaign  of  education.  They  have  this  advantage 
because  they  are  intended  primarily  not  to  restrict  the  driver,  but 
to  give  him  a  good  driving  light.  That  is,  the  specifications  are 
twofold :  they  not  merely  limit  the  amount  of  light  in  the  direction 
of  oncoming  vehicles,  to  avoid  dazzling  approaching  drivers;  but 
they  also  provide  for  a  good  light  on  the  road,  and  it  is  this  aspect 
of  the  specifications  which  has  been  strengthened  in  the  recent 
revision. 

If  this  feature  of  the  specifications  is  emphasized,  so  as  to 
secure  the  support  of  automobilists,  much  better  results  can  be 
obtained  than  by  stirring  up  increased  police  activity. 
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Ward  Harrison  :  The  proposed  standardization  of  traffic 
signals  discussed  in  Dr.  Sharp's  report  interested  me  particularly. 
Colored  signals  are,  of  course,  used  very  extensively  on  railroads 
but  likewise  assurance  is  had  by  periodic  examination  that  those 
who  are  required  to  see  the  signals  are  reasonably  free  from  color 
blindness.  It  would  seem  impractical  to  make  a  similar  rule  apply- 
ing to  automobile  drivers,  but  the  fact  must  not  be  lost  sight  of 
that  a  considerable  proportion  of  the  population  have  seriously 
defective  color  vision.  I  believe  that  it  was  stated  before  this 
Society  some  years  ago  that  the  railroads  were  seriously  con- 
sidering the  use  of  light  signals  distinctive  in  shape  or  position 
rather  than  in  color  so  that  engineers  otherwise  competent  would 
not  need  to  be  disqualified  simply  because  of  their  color  vision. 
It  was  also  thought  that  there  would  be  less  chance  of  mistaking 
signals  under  adverse  circumstances.  The  same  arguments  appear 
to  have  equal  or  greater  force  in  the  case  of  traffic  signals. 

A.  W.  Devine  :  The  new  tail-light  law  in  Massachusetts  went 
into  effect  on  July  27th,  and  a  temporary  approval  was  given 
covering  all  tail-lamps  which  complied  with  the  old  law ;  that  is, 
the  law  which  required  that  the  number  plate  be  so  illuminated 
as  to  be  visible  at  60  feet.  Of  course,  that  approval  really  covered 
no  tail-lamps,  or  possibly  one  in  a  thousand.  Massachusetts,  how- 
ever, has  gone  ahead  on  this  proposition  in  a  more  or  less  indefi- 
nite way,  and  the  matter  is  still  open,  as  far  as  specifications  are 
concerned.  We  have  no  specifications.  The  Registrar  has,  how- 
ever, issued  a  letter  in  which  he  states  it  has  been  decided  that  all 
tail-lamps,  to  have  approval,  must  have  a  slot  opening  or  window 
covered  with  glass,  regardless  of  illumination  of  the  plate.  The 
reason  for  that  is  the  ordinary  deterioration  and  coloring  of  cel- 
luloid. 

A  further  requirement  is  a  light  source  of  two  candlcpower  or 
more,  and  with  acetylene  lamps,  a  quarter  foot  burner.  However, 
no  specifications  have  been  adopted,  nor  have  any  rei^ulations 
been  made,  and  it  is  quite  ]H)ssiblc  that  there  may  be  changes 
made  before  any  devices  arc  approved. 

Massachusetts  is  now  open  for  applications  for  approval  of  tail- 
lamps,  and  I  imagine  that  possibly  about  the  first  of  November 
an  approved  list  will  be  issued.  If  it  is  jx)ssil)lc,  we  shall  attempt 
to  approve  some  of  the  lamps  that  arc  now  in  use ;  that  is,  we  will 
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let  the  owners  adapt  them  to  the  new  law.  Before  the  first  of 
January,  we  will  get  the  approved  list  out,  and  it  ought  to  serve 
as  a  basis,  or  as  additional  information  for,  the  Sub-Committee 
which  we  have,  and  assist  them  in  drawing  up  a  set  of  specifi- 
cations for  approval  of  tail-lamps — particularly  with  regard  to 
the  illumination  of  the  rear  number-plate — which  will  be  a  real 
standard. 

EuHU  Thomson  :  I  am  very  much  interested  in  this  discus- 
sion, because  I  have  to  comply  with  these  laws,  of  course.  Many 
times  I  have  gone  to  Boston  and  have  found  several  vehicles 
without  lights,  fore  or  aft.  They  pass  the  traffic  officer,  and  he 
does  not  do  anything  about  it. 

The  other  night,  we  counted  at  least  twenty- four  machines  that 
had  no  lights,  in  a  run  of  about  two  or  three  miles,  and  if 
lighted  ahead  there  was  no  tail-light;  some  were  parked  along 
sidewalks  without  any  lights.  We  saw  one  machine  without  any 
lights,  which  we  followed  into  Boston,  and  we  saw  it  again  an  hour 
after  on  the  boulevard  going  to  Lynn.  It  had  run  in  and  out  from 
Boston,  passing  traffic  officers  a  number  of  times,  and  had  not 
been  held  up  or  stopped. 

It  seems  to  me  the  psychological  end  of  this  matter  is  just  as 
important  as  the  making  of  rules  and  regulations,  rules  that  are 
made  to  be  followed.  The  innocent  or  slight  offender  will  often 
be  stopped  when  the  real  criminal — the  speeder — as  you  know, 
escapes.  That  is  the  real  problem.  We  can  make  all  the  regula- 
tions we  please,  but  if  the  people  are  not  going  to  be  reached  in 
some  way  and  absolutely  forced  to  comply  with  them,  they  are 
almost  useless. 

F.  C.  Caldwell  :  I  would  like  to  call  attention  however  to  the 
fact  that  we  have  got  to  entirely  reverse  popular  opinion  with 
regard  to  automobile  headlighting  regulations.  I  have  found  that 
the  almost  universal  idea  with  regard  to  such  regulations  is  that 
they  are  solely  to  stop  glare.  The  idea  that  regulations  are  made 
to  help  the  driver,  by  insisting  on  his  having  adequate  illumina- 
tion, has  not  reached  the  public  yet  to  any  appreciable  degree, 
and  the  universal  ignorance  with  regard  to  the  principles  of  light 
holds  here  as  strongly  as  anywhere.  For  instance,  we  had  one 
headlight  submitted  in  Ohio  in  which  the  light  was  expected  to 
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start  from  the  filament,  make  a  turn  or  two  inside  the  lamp  and 
come  out  through  a  hole  in  the  front,  headed  straight  for  the  road. 
L.  C.  Porter  :  I  was  very  much  interested  in  what  Dr.  Thom- 
son said  about  the  machines  running  without  lights.  On  the 
other  hand,  I  certainly  want  to  extend  my  congratulations  to 
Mr.  Devine  and  his  Department  for  the  control  which  they  have 
over  motor  vehicle  lighting  here  in  Massachusetts.  During  the 
past  summer,  I  have  done  quite  a  little  night  driving  and  I  have 
driven  through  some  states  where  practically  no  attention  was 
paid  to  the  headlighting.  I  have  driven  through  some  very  moun- 
tainous country  and  over  some  very  crowded  boulevards,  and  I 
find  that  the  conditions  in  Massachusetts  and  also  in  Connecticut 
are  very  much  better  than  they  are  in  some  of  the  other  states. 
It  was  surprising  to  me  to  find  such  a  noticeable  difference,  and  I 
think  the  State  of  Massachusetts  is  to  be  congratulated  upon 
having  gone  as  far  as  it  has. 

I  believe,  as  I  said  before,  the  next  big  point  is  the  education 
of  the  public.  I  came  over  from  Boston  last  night  and  I  do  not 
know  how  many  cars  we  passed  on  the  way  over.  On  most  of 
them,  the  headlights  were  good.  Some  of  them  were  not  good, 
but  it  was  plainly  evident  in  those  instances  that  it  was  simply  a 
case  of  the  headlights  not  being  focused.  And  I  am  sure,  from 
the  many  people  that  I  have  talked  with,  the  headlights  are  not 
focused  because  they  do  not  know  how  to  do  it.  We  have  good 
equipment  now,  and  the  point  should  be  to  get  across  to  the 
driver  the  necessity  of  focusing,  and  show  him  how  to  do  it. 


INFLUENCE  OF  DAYLIGHT  ILLUMINATION  INTEN- 
SITY ON  ELECTRIC  CURRENT  USED  FOR  LIGHTING 
PURPOSES  IN  THE  DISTRICT  OF  COLUMBIA* 


BY  A.    SMIRNOFF** 


SYNOPSIS:  This  paper  represents  the  result  of  an  investigation  to  find  the 
"psychological  darkness"  outdoors,  when  generally  artificial  light  is  switched  on  in 
the  business  district,  causing  a  sudden  increase  in  the  consumption  of  electrical 
current.  This  "psychological  darkness"  is  determined  at  approximately  1,500  foot- 
candles  on  a  horizontal  surface  of  daylight  intensity.  The  advance  determination 
of  this  darkness  may  be  utilized  by  central-stations  for  economical  reasons  and  for 
effecting  more  efficient  service  to  the  customers. 

It  is  apparent  that  electric  current  used  by  a  city  for  lighting 
purposes  will  show  an  increase  on  cloudy  days  over  clear  days. 
The  diagrams  for  the  load  on  clear  days  do  not  show  much  dif- 
ference between  themselves,  excepting  on  Saturdays  and  Sundays 
for  obvious  reasons.  Therefore  these  days  are  not  taken  in 
consideration  in  this  paper.  Cloudy  days,  how^ever,  vary  con- 
siderably. The  solution  of  the  why,  when,  and  how  is  the  aim 
of  this  discussion. 

The  District  of  Columbia  has  a  double  system  of  electrical 
supply,  alternating  current  for  the  greater  part  of  the  residential 
section  and  direct  current  for  the  greater  part  of  the  business 
section ;  thus  an  opportunity  is  given  to  study  the  two  parts  of 
the  city  separately.  To  make  it  still  more  favorable  to  study  the 
influence  of  daylight,  it  must  be  mentioned  that  there  is  a  com- 
paratively small  industrial  load  in  Washington,  D.   C. 

Comparing  the  alternating  current  diagrams  for  the  resi- 
dential part  of  the  city  on  clear  and  very  cloudy  days,  Curves  A 

*A  paper  presented  at  the  Annual  Convention  of  the  Illuminating  Engineer- 
ing  Society,    Swampscott,    Mass.,    Sept.    25-28,    1922. 

••Engineering  Dcpt.,   Potomac  Electric  Power  Co.,  W^ashington,   D.   C. 

The  Illuminating  Etigineering  Society  is  not  responsible  for  the  statements  or 
opinions  advanced  by  contributors. 
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and  B  in  Figure  i,  it  is  seen  that  though  there  is  an  increase  in  the 
current  used,  this  increase  is  comparatively  small.  This  is  ex- 
plained by  two  facts:  (i)  The  current  is  paid  for  by  the  users 
themselves  and  consequently  they  are  inclined  to  be  economical; 
(2)  Most  of  the  residents  are  not  at  home  during  the  day.  The  in- 
fluence of  the  second  fact  is  shown  by  Curve  C  in  Figure  i,  for 
a  cloudy  Saturday,  when  business  people  had  already  returned 
home. 
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Fig.    I. — Hourly    variation    in    load    in    alternating    current    (residential    district). 
A — Typical  clear  day  July  27,   1921. 
B — Typical  cloudy  day  August  3,    192 1. 
C — Typical  cloudy   Saturday,  May  28,    192 1. 


The  intensity  of  daylight  shows  quite  a  different  influence  on 
the  direct  current,  serving  most  of  the  business  section.  Here 
are  less  economical  restraining  forces  and  the  electric  light  is 
turned  on  as  soon  as  an  uncomfortable  darkness  is  felt  and  the 
user,  the  employee,  does  not  pay  for  the  current  used.  Therefore 
thi^  field  is  more  open  to  study. 
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Aside  from  calling  a  day  clear  or  cloudy  it  is  essential  how 
cloudy  the  day  is.  As  the  current  diagrams  show,  there  may  be 
a  cloudy  day  and  yet  there  is  no  marked  difference  between  the 
diagram  of  this  cloudy  day  and  a  clear  day.  Again  it  may  be 
cloudy  during  the  greater  part  of  the  day  without  change  in 
the  general  use  of  current  up  to  a  certain  point  when  the  current 
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Fig.   2. — Hourly  variation  in  load,   direct  current   (business  district). 
A — Typical  clear   day  July   7,    192 1. 
B — Typical   cloudy  day  July    i,    1921. 
C — Typical  day  with  sudden  dark  cloud  July  29,    1921. 

curve  shows  a  sudden  jump,  see  Figure  2.  The  darkness  at  which 
this  sudden  rise  occurs  may  be  called  psychological  darkness, 
that  is  the  point  when  people  feel  the  need  of  artificial  lighting 
in  the  business  section  of  a  city.  The  determination  of  this  dark- 
ness is  now  considered. 

It  was  clear  that  it  was  necessary  to  determine  the  intensity 
of   daylight   illumination   prevailing  over   the   city   computed   in 
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foot-candles.  This  was  done  with  a  Sharp-AIillar  Photometer 
and  it  was  found  that  the  sudden  rise  in  current  consumption 
occurred  regularly  when  the  illumination  intensity  went  be- 
low 1,500  foot-candles  approximately  in  the  open  air.  This 
minimum  incidentally  corresponded  to  360  foot-candles  at  the  win- 
dow looking  west  at  four  o'clock  P.  M.  and  about  9  foot-candles 
six  feet  away  from  the  window.  The  lower  the  intensity  went 
the  higher  the  current  consumption,  but  all  variations  over  1,800 
foot-candles  had  only  a  negligible  influence. 

The  knowledge  of  this  psychological  darkness  may  have  a 
varied  practical  application  and  therefore  it  is  necessary  to  show 
how  it  is  practicable  to  have  a  record  of  daylight  without  the 
necessity  of   having   special   observers   fitted   with   photometers. 

Through  the  courtesy  of  the  U.  S.  Weather  Bureau  and  Mr. 
Irving  F.  Hand  of  the  Solar  Radiation  Investigation  Section,  per- 
mission was  obtained  to  go  over  the  records  of  this  section.  In 
this  section  there  had  been  used  for  several  years  a  Callendar's  Re- 
ceiver in  connection  with  a  Callendar  Wheatstone  Bridge  Re- 
corder ;  by  these  instruments  a  graphic  record  had  been  produced 
of  the  solar  radiation  in  gram-calories.^     There  also  had  been 

TABLE  I. — Illumination   Equivalent  of  onk   Gram-caloky 
PER  Minute  per  Square  Centimeter  of  Solar  Heat  Energy,  with 
THE  Sun  at  Different  Altitudes 


Air  mass 
Solar  altitude 

i.i 
65°.o 

1-5 

42°.7 

2.0 
30°.o 

2.5 
23°-5 

30 
190.3 

3-5 
16O.4 

4.0 
I4°.3 

4-5 
120.6 

5-0 
il°.3 

5-5 
10O.2 

Foot-Candles 

All  observations 

Observations  on  good  days 
only 

6,320 
6,720 

5.770 
6,600 

5,490 
5,580 

5,170 
5.310 

4,820 
5,120 

4,780 
4,780 

4,670 
4,670 

4,610 
4,610 

4,600 
4,600 

4.480 
4.480 

calculated  by  the  Chief  of  this  Section,  Dr.  Herbert  H.  Kimball, 
the  illumination  equivalent  of  one  gram-calory  per  minute  per 
square  centimeter  of  solar  heat  energy  with  the  sun  at  different 
altitudes^  making  it  possible  to  read  the  graphic  record  directly 
in  foot-candles. 

Now,  during  the  business  hours  between  8  :oo  A.   M    and 
4:30  P.  M.,  in  the  summer,  where  a  sudden  thunderstorm  causes 

1  For  description  see  Monthly  Weathrr  Review,  August,  IQ14. 
-  Monlhly   IVeather  Rei'ieiv,  November,  iqt<). 
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a  sudden  increase  in  the  use  of  current,  the  altitude  of  the  sun 
varies  between  60  and  40  degrees  for  which  altitude  at  Wash- 
ington, D.  C.  one  gram-calory  per  minute  per  square  centimeter 
corresponds  roughly  to  6,000  foot-candles. 

All  calculations  are  intentionally  made  only  approximate  as 
generally  people  also  act  only  approximately  in  the  same  way 
under  the  same  conditions. 
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Fig.  7. — Comparison  of  load  of  typical  clear  day  (July  25,  192 1)  and 

cloudy  day  with  difference  in  load  due  to  effect  of  cloud.    Lroad 

radiation  July  29,  192 1 

In  Other  words,  as  soon  as  the  solar  radiation  falls  below 
0.25  gram-calory  energy  equivalent  to  1,500  foot-candles  artificial 
light  is  generally  used.  This  theoretical  conclusion  is  splendidly 
proved  by  the  comparison  of  current  diagrams  and  solar  rad- 
iation records  as  shown  in  Figures  3  to  7  inclusive.  By  re- 
versing the  current  readings  on  these  diagrams  the  interdepend- 
ence will  be  still  clearer. 

The  farther  and  longer  the  solar  radiation  falls  below  0.25 
gram-calory,  the  higher  the  consumption  of  current  and  by  com- 
parison it  is  possible  to  determine   the  approximate   equivalent 
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of  current  used  for  a  certain  darkness.  Such  a  tentative  equiv- 
alent table  is  shown  in  Figure  8,  derived  from  Figures  3  to  7. 
Naturally  this  equivalent  is  not  the  same  for  all  cities  or  for  all 
hours  of  the  day  and  can  be  determined  by  comparison  in  each 
case  individually,  but  once  determined  it  is  characteristic  that 
this  equivalent  is  approximately  constant  for  the  same  city,  the 
same  hour  of  the  day  regardless  of  the  different  seasons.  Com- 
pare the  four  o'clock  equivalent  derived  from  summer  readings, 


Fig.  8. — Chart  indicating  the  probable  equivalent  current  demand  for 
a  given  degree  of  darkness  at  different  hours. 

Figure  8,  with  the  solar  radiation  at  four  o'clock  P.  M.  in  Jan- 
uary and  the  corresponding  current  curve,  Figure  7.  Naturally 
there  must  be  made  an  allowance  for  the  development  of  the 
city,  increased  number  of  customers,  etc. 

A  few  tentative  suggestions  are  given  here  where  the  applica- 
tion of  the  psychological  darkness  may  result  in  some  economy 
and  improvement  of  the  lighting  systems. 

( I )  During  the  summer  months  the  current  used  in  business 
hours,  with  the  exception  of  the  noon  hour,  is  usually  constant 
and  also  lower  than  in  the  winter,  but  the  summer  is  character- 
istic  for  its  sudden   thunderstorms  accompanied   very   often   bx 
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JUNE         JULY         AUG         SEPT  OCT  MOV  DtC 


(5),  Latitude  36'N.  (Eastern  States). 


(c),  Latitude  42<'N.  (Northeastern  States). 

Fig.  9. — Total  illumination  on  horizontal  surface  (foot-candles) 
calculated  for  different  latitudes  at  normal  incidents  for  all  hours  and 
months  of  the  year. 
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heavy  clouds,  that  cause  the  usage  of  current  to  rise  suddenly. 
In  view  of  this  under  certain  circumstances  and  in  certain 
localities  there  are  kept  in  reserve  expensive  storage  batter- 
ies or  additional  generators  are  maintained  to  provide  a  certain  re- 
serve. Both  systems  represent  a  certain  loss,  especially  where 
electric  current  is  produced  by  coal.  To  eliminate  this  a  warning 
could  be  given  ten  or  fifteen  minutes  in  advance  not  only  of  an 
approaching  storm,  but  also  of  the  degree  of  darkness  caused  by 
the  clouds  by  the  use  of  either  a  Callendar's  Receiver  or  a 
receiver  using  the  principle  of  the  thermopile  being  developed 
at  present  by  the  Solar  Radiation  Investigation  Section  of  the 
U.  S.  Weather  Bureau.  Receivers  could  be  placed  on  the  roofs  of 
the  outlying  sub-stations  about  ten  miles  away  from  the  business 
section  of  the  city  in  several  directions,  which  by  means  of  a 
milli-ammeter  and  a  relay  could  be  made  to  ring  a  bell  as  soon 
as  the  darkness,  causing  a  fall  in  solar  radiation,  reaches  the 
energy  requirement  of  1,500  foot-candles.  Warning  could  be  then 
transmitted  by  the  operator  with  the  indication  of  the  direction 
of  the  storm  to  the  central  station, 

(2)  By  using  on  these  sub-stations  specially  calibrated  ammeters 
or  several  relays  for  different  intensities  of  illumination  it  would 
be  possible  to  know  at  the  same  time  in  advance  the  approximate 
height  of  the  current  that  will  be  used  by  having  prepared  an 
equivalent  table  similar  to  the  one  in  Figure  8,  specially  adapted 
for  the  system  and  different  hours.  Thus  unnecessary  over- 
increase  of  power  will  be  avoided. 

(3)  A  recording  instrument  would  be  especially  useful  for 
the  system  operator  who  would  be  able  to  read  directly  from  the 
instrument  the  approximate  amount  of  current  used  at  any  in- 
stant of  a  storm  without  the  necessity  of  calling  up  the  sub- 
stations. 

(4)  By  using  a  Solar  Radiation  Receiver  and  Recorder  similar 
to  the  one  used  by  the  Weather  Bureau  and  the  tables^  pre- 
pared by  Prof.  H.  H.  Kimball  of  the  total  illumination  on  hor- 
izontal surface  (foot-candles)  calculated  for  different  latitudes 
at  normal  incidents  for  all  hours  and  months  of  the  year  as  shown 
in  Figure  9,  it  will  help  to  make  advance  calculations   for  the 

'Monthly  IVcathcr  Review,  November,   1919,  page  789. 
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load  curves  months  ahead.  In  these  tables  the  curve  showing 
1,500  foot-candles  and  below  commands  special  interest.  Thus 
probably  it  will  be  possible  to  calculate  the  winter  peaks,  coal 
consumption,  etc.,  allowing  a  certain  percentage  for  steady  growth 
of  the  city,  local  characteristics,  special  affairs,  exhibitions,  elec- 
tion years,  etc. 


REPORT  OF  THE  COMMITTEE  ON  NOMENCLATURE 
AND  STANDARDS— 1922* 


Last  year  the  Committe  had  the  pleasure  of  reporting  that  the 
International  Commission  on  Illumination  at  its  Paris  meeting  in 
July,  1 92 1,  had  adopted  definitions  of  fundamental  quantities 
conforming  very  closely  with  the  corresponding  definitions  in 
the  Committee's  earlier  Reports.  This  year  it  is  able  to  record 
another  definite  step  in  the  fact  that  the  Society's  reports  on 
"Illuminating  Engineering  Nomenclature  and  Photometric  Stand- 
ards" have  been  formally  approved  as  an  American  Standard  by 
the  American  Engineering  Standards  Committee. 

In  submitting  these  Reports  for  such  approval  the  Committee 
thought  it  best  to  adhere  exactly  to  the  international  definitions 
already  agreed  upon,  in  the  hope  that  this  course  would  facil- 
itate the  attainment  of  a  still  greater  degree  of  international  un- 
iformity in  nomenclature  and  practice.  The  official  text  of  these 
definitions  is  in  French,  and  an  authoritative  English  translation 
has  yet  to  be  agreed  upon  by  the  British  and  American  delegates 
to  the  International  Commission.  The  Committee  has  therefore 
used  the  provisional  translation  published  in  the  1921  Report. 

The  definitions  approved,  with  the  exception  of  the  six  which 
have  been  adopted  by  international  action,  are  identical  with  those 
given  in  the  1918  Report.  There  has  been  so  much  demand  for 
copies  of  that  Report  that  the  supply  is  exhausted  and  it  is  con- 
sidered desirable  to  reprint  the  standard  form  of  the  definitions 
in  full.  In  order  to  make  clear  that  these  Reports  do  not  cover 
standards  of  illumination  such  as  fall  within  tlic  province  of 
other  committees  of  the  Society,  the  word  "photometric"  has 
been  inserted  in  the  title. 

•A  report  presented  at  the  Annual  Convention  of  the  Illuminating  Enpneer- 
itig;   Society,   Swampscott,  Mass.,   Sept.  25-28,    1922. 

The  Illuminating  Kngineering  Society  is  not  responsible  for  the  statements  or 
opinions  advanced   by  contributors. 
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FURTHER  REVISION  OF  I.  E.  S.  NOMENCLATURE  ' 
AND  STANDARDS 

While  the  general  acceptance  of  the  Committee's  recommen- 
dations has  been  gratifying,  it  is  recognized  that  these  standards 
are  by  no  means  perfect  or  complete.  The  Committee  beUeves 
that  its  work  should  be  continued  particularly  with  a  view  to 
clarifying  the  definitions  and  making  them  as  useful  as  possible 
for  all  who  have  occasion  to  discuss  illumination  problems.  The 
Society  has  been  designated  by  the  American  Engineering  Stand- 
ards Committee  as  sole  sponsor  for  this  field  of  work,  and  a 
"Sectional  Committee"  composed  of  representatives  from  various 
engineering  and  commercial  organizations  is  being  formed  to 
work  with  our  own  Committee  in  the  revision  of  the  nomenclature 
and  standards. 

In  the  meantime  the  work  of  revision  has  been  actively  taken 
up  and  has  progressed  so  far  that  the  Committee  wishes  to 
present  for  discussion  the  revised  draft  which  follows.  It  should 
be  understood  that  this  draft  is  tentative,  being  subject  both  to 
the  decisions  of  the  Sectional  Committee  mentioned  above  and 
to  discussion  with  other  countries  in  so  far  as  it  affects  inter- 
national practice.  The  order  of  definitions  is  considerably 
changed,  and  for  convenience  in  comparing  the  revised  wording 
with  the  approved  Standards  the  numbers  of  corresponding 
sections  in  the  latter  are  hereby  given  in  parenthesis. 

It  may  be  of  interest  to  note  that  the  term  "Luminaire" 
which  was  recommended  by  the  Committee  last  year,  and  is 
defined  in  Section  57  below,  has  been  formally  approved  by 
a  resolution  of  the  Standards  Committee  of  the  American  In- 
stitute of  Electrical  Engineers. 

PROPOSED  DRAFT  FOR  DISCUSSION 

1.   (i)   Light:  The  term  Hght  is  used  in  various  ways: 
(i)  To  express  the  visual  sensation  produced  normally  when 
radiant  flux  (q.  v.)  within  the  proper  limits  of  wave-length,  of 
sufficient  intensity  and   of   sufficient  duration,   impinges   on   the 
retina. 

(2)  To  denote  the  luminous  fliix  (q.  v.)  which  produces  the 
visual  sensation. 
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(3)  By  extension,  even  to  denote  radiant  flux  of  wave-lengths 
outside  of  the  visible  spectrum  {e.  g.,  ultra-violet  light). 

2.  (2)  Radiant  flux,  is  the  rate  of  energy  radiation,  and  is 
expressed  in  ergs  per  second  or  in  watts. 

3.  (3)  Luminous  flux  is  the  rate  of  energy  radiation  evaluated 
with  reference  to  visual  sensation. 

Although  luminous  flux  must  strictly  be  defined  as  a  rate,  in 
practice  it  is  often  referred  to  as  if  it  were  an  entity  or  quantity. 

4.  (12)  Lumen:  The  unit  of  luminous  flux  is  the  Lumen.  It 
is  equal  to  the  flux  through  a  unit  solid  angle  (steradian)  from 
a  uniform  source  of  one  international  candle. 

6.  (8)  The  Luminous  intensity  of  a  source  in  any  direction  is 
the  flux  per  unit  solid  angle  (steradian)  from  the  source  in  that 
direction. 

The  flux  from  any  source  of  dimensions  which  are  negligibly 
small  by  comparison  with  the  distance  at  which  it  is  observed,  may 
be  treated  as  if  it  were  emitted  from  a  point.  For  apparent  candle- 
power  see  Section  70. 

6.  (10)  International  Candle:  The  unit  of  luminous  intensity 
is  the  International  Candle,  such  as  has  resulted  from  international 
agreement  between  the  three  national  standardizing  laboratories^ 
of  France,  Great  Britian  and  the  U.  S.  A.  in  1909. 

This  unit  is  conserved  by  means  of  incandescent  electric  lamps 
in  the  laboratories  which  remain  charged  with  its  conservation. 

7.  (11)  Candlepower  is  luminous  intensity  expressed  in  candles. 

8.  (9)  Illumination  at  any  point  of  a  surface  is  the  luminous 
flux  density  at  that  point,  or,  when  the  illumination  is  uniform, 
the  flux  per  unit  of  intercepting  area. 

9.  (13)  Lux:  The  practical  international  unit  of  illumination 
is  the  Lux.  It  is  equal  to  one  lumen  per  square  meter,  or  it  is 
the  direct  illumination  on  a  surface  which  is  evciy where  one 
meter  distant  from  a  uniform  point  source  of  one  internationaJ 
candle. 

As  a  consequence  of  certain  recognized  usuagcs,  the  illumination 
can  also  be  expressed  by  means  of  the  units,  phot  and  foot-candle. 

'These  Inborntories  are  the  I,nhorntoire  Centrnl  clKlcctiicitc.  Paris,  the  Nntionnl 
Physical  l,ftboratory.  Teddiiijftoti,  and  (he  Bureau  of  Standard!*.  WashiiiRtou. 
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10.  (13)  Phot:  Using  the  centimeter  as  the  unit  of  length  the 
unit  of  illumination  is  one  lumen  per  square  centimeter  and  is 
called  the  Phot. 

11.  (13)  Foot-Candle:  Using  the  foot  as  the  unit  of  length,  the 
unit  of  illumination  is  one  lumen  per  square  foot,  and  is  called  the 
Foot-Candle. 

12.  (new)  Lighting:  The  time  integral  of  luminous  flux  is 
designated  by  the  term  lighting. 

13.  (new)  The  Lumen-hour  is  the  unit  of  lighting.  It  is  the 
lighting  represented  by  a  rate  of  one  lumen  continued  for  one 
hour. 

14.  (14)  Exposure  is  the  product  of  an  illumination  by  the 
time. 

The  microphot-second  (0.000,001  phot-second)  is  a  convenient 
unit  for  a  photographic  plate  exposure. 

15.  (15)  Brightness  of  a  surface  is  the  luminous  intensity  per 
unit  of  projected  area. 

16.  (15)  Units  of  Brightness:  The  C.  G.  S.  unit  of  brightness 
is  one  candle  per  square  centimeter  of  projected  area.  In  the 
English  system  the  unit  of  brightness  is  one  candle  per  square 
inch  of  projected  area. 

A  surface  of  unit  brightness  emits  one  lumen  per  steradian 
per  unit  of  projected  area. 

17.  (16)  The  Lambert  is  a  practical  unit  of  brightness.  It 
is  equal  to  a  brightness  of  i/tt  candle  per  square  centimeter  of 
projected  area.  It  is  the  average  brightness  of  a  surface  emitting 
or  reflecting  one  lumen  per  square  centimeter,  or  the  uniform 
brightness  of  a  perfectly  diffusing  surface  emitting  or  reflecting 
one  lumen  per  square  centimeter. 

For  most  purposes  the  millilambert,  0.00 1  lambert  is  the  pre- 
ferable practical  unit. 

Brightness  expressed  in  candles  per  square  inch  may  be  re- 
duced to  lamberts  by  multiplying  by  V6.45  ^=  0.487 

A  perfectly  diffusing  surface  emitting  one  lumen  per  square 
foot  will  have  a  uniform  brightness  of  1.076  millilamberts. 

In  practice  no  surface  obeys,  exactly  the  cosine  law  of  emission 
or  reflection;  hence  the  brightness  of  a  surface  generally  is  not 
uniform  but  varies  with  the  angle  at  which  it  is  viewed. 
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18.  (4)  Visibility  of  radiation  of  a  particular  wave-length  is 
the  ratio  of  the  luminous  flux  at  that  wave-length  to  the  corre- 
sponding radiant  flux. 

19.  (70)  Visibility  Values:  The  following  values  for  visibil- 
ity and  for  relative  visibility  (maximum  visibility  being  taken  for 
this  purpose  as  unity)  are  recommended. 

(For  table  of  values  see  Section  70,  of  Illuminating  Engineer- 
ing Nomenclature  and  Photometric  Standards). 

20.  (5)  The  Mechanical  equivalent  of  light  is  the  ratio  of 
radiant  flux  to  luminous  flux  for  the  wave-length  of  maximum 
visibility,  and  is  expressed  in  ergs  per  second  per  lumen,  or  in 
watts  per  lumen.  It  is  the  reciprocal  of  the  maximum  absolute 
visibility. 

As  a  standard  value  for  the  mechanical  equivalent  of  light,  the 
figure  0.0015  watt  per  lumen  is  recommended. 

This  term  has  been  used  in  a  variety  of  senses.  As  here  de^ 
fined  it  refers  only  to  the  minimum  mechanical  equivalent  of  light 
and  corresponds  to  monochromatic  light  of  maximum  visibility. 
The  reciprocal  of  this  quantity  is  sometimes  called  the  luminous 
equivalent  of  radiation. 

21.  (6)  A  Luminosity  curve  of  a  source  of  light  is  a  curve 
showing  for  each  wave-length  the  luminous  flux  per  element  of 
wave-length.  Therefore  it  gives,  wave-length  by  wave-length, 
the  product  of  the  radiant  flux  and  the  visibility. 

22.  (7)  The  Luminous  efficiency  of  any  source  is  the  ratio  of 

the  luminous  flux  to  the  radiant  flux  from  the  source.  For 
practical  purposes  it  is  usually  expressed  in  lumens  per  watt 
radiated. 

23-56.  These  sections  would  be  the  same  as  Nos.  17-50  of  the 
approved  Standards. 

67.  (new)  A  Luminaire  is  a  complete  lighting  unit  consisting 
of  a  light  source,  together  with  its  direct  appurtenances,  such  as 
globe,  reflector,  refractor,  housing  and  support.  The  term  is 
used  to  designate  lighting  fixtures,  wall  brackets,  portable  lamps 
or  so-called  removable  units. 
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58.  (51)  A  Primary  luminous  standard  is  one  by  which  the 
unit  of  light  is  estabhshed  and  from  which  the  values  of  other 
standards  are  derived.  A  satisfactory  primary  standard  must 
be  reproducible  from  specifications. 

59.  (52  and  53)  A  Secondary  standard  is  one  calibrated  by 
comparison  with  a  primary  standard.  The  use  of  the  term  may 
also  be  extended  to  include  standards  which  have  not  been  di- 
rectly measured  against  the  primary  standards,  but  derive  their 
assigned  values  indirectly  from  the  primary  standards. 

Because  of  the  lack  of  a  satisfactory  primary  standard  of  light 
the  unit  is  actually  maintained  in  most  laboratories  by  electric  in- 
candescent lamps  serving  as  reference  standards.  The  values  as 
signed  to  these  standards  were  originally  agreed  upon  as  representing 
the  average  value  of  the  accepted  primary  standard  as  nearly  as 
this  could  be  determined.  This  procedure  is  formally  recognized 
in  France  and  the  United  States. 

60-70.  Same  as  present  54-64. 

71.  (65)  Spherical  reduction  factor  of  a  lamp  is  the  ratio  of 
the  mean  spherical  to  the  mean  horizontal  candlepower  of  the 
lamp. 

In  the  case  of  a  uniform  point  source,  this  factor  would  be 
unity,  and  for  a  straight  cylindrical  filament  obeying  the  cosine  law 
it  would  be  t/4- 

72.  (66)  Photometric  Tests:  The  results  of  photometric  tests 
should  not  be  stated  in  candlepower  unless  the  measurements  are 
made  at  such  a  distance  from  the  source  of  light  that  the  latter  may 
be  regarded  as  practically  a  point.  When  measurements  of  lamps 
with  reflectors,  or  other  accessories,  are  made  at  distances  such 
that  the  inverse  square  law  does  not  apply,  the  results  should 
always  be  given  as  "apparent  candlepower"  at  the  distance  em- 
ployed, which  distance  should  always  be  specifically  stated.  For 
ordinary  illuminants  with  shades  or  reflectors  a  distance  of  3 
meters  (10  feet)  is  recommended. 

73.  (new)  Apparent  candlepower  of  an  extended  source  of 
light  is  the  candlepower  of  a  point  source  of  light  which  would 
produce  the  same  illumination  at  the  distance  employed. 
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74,  {6^)  Photometric  Units,  Symbols  and  Abbreviations. 


Photometric 
quantity 


1.  Radiant  flux 

2.  Luminous  flux 

3.  Luminous 

intensity 

4.  Illumination 

5.  Exposure 

6.  Brightness 


Name  of  unit 

Erg  per  second 
Watt 

Lumen 

Candle 

Lux,  phot 
foot-candle 

I  Phot-second 
I    Micro-phot- 
second 

f  Candle  per  sq.  cm. 
!  Candle  per  sq.  in. 
1  Lambert 


Symbols  and 
defining 
equations 


Abbreviation 

for  name 

of   unit 


I  = 


E/ 


F, 

<lr 

I 

dV 

ddl  ' 

r  = 

d^ 
du) 

cp. 

E  = 

F^ 

ph.,  fc. 
phs.,  /xphs 

dl 

— 

""    ~dS  cos  d 

L 

niL 

p 

— 

a 

— 

T 

— 

sop. 

Icp. 

ucp. 

zcp. 

mhc. 

y  Millilambert 

7.  Visibility  —  K 

8.  Reflection  factor  — 

9.  Absorption  factor  — 

10.  Transmission  factor  — 

11.  Mean  spherical  candlepower 

12.  Mean  lower  hemispherical  candlepower 

13.  Mean  upper  hemispherical  candlepower 

14.  Mean  zonal  candlepower 

15.  Mean  horizontal  candlepower 

16.  A  source  of  unit  spherical  candlepower  emits  12.57  lumens. 

17.  I  lumen  is  emitted  by  a  source  whose  spherical  candlepower  is  0.07958. 

18.  I   lux  ^    I   lumen  incident  per  square  meter  =  o.oooi   phot  =  0.1 

milliphot. 

19.  I  phot  =  I  lumen  incident  per  square  centimeter  :=  10,000  lux  =  1,000 

milliphots  1=  1,000,000  microphots. 

20.  I  milliphot  =  o.ooi  phot  =  0.929  foot-candle. 

21.  I    foot-candle  =   i    lumen   incident  per   square   foot   =    1.076  milli- 

phots =  10.76  lux. 

22.  I  lambert  =  0.3183  candle  per  square  centimeter  =  2.054  candles  per 

square  inch. 

23.  I  candle  per  square  centimeter  =  3.1416  lambcrts. 

24.  I  candle  per  square  inch  =  0.487  lambert  =  487  millilamberts. 

25.  A  perfectly  diffusing  surface  of   i  millilambert  brightness  emits  0.929 

luiiK'n  per  sciuare  foot.     (Sec  also  Section  17), 
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75.  (68)  Alternative  Symbols:  In  view  of  the  fact  that  the 
symbols  heretofore  proposed  by  this  committee  conflict  in  some- 
cases  with  symbols  adopted  for  electric  units  by  the  International 
Electrotechnical  Commission,  it  is  proposed  that  where  the  pos- 
sibility of  any  confusion  exists  in  the  use  of  electrical  and  photo- 
metric symbols,  an  alternative  system  of  symbols  for  photo- 
metric quantities  should  be  employed.  These  should  be  de- 
rived exclusively  from  the  Greek  alphabet,  for  instance : 

Luminous  intensity T 

Luminous  flux Str 

Illumination. /3 

Respectfully  submitted, 

COMMITTKE:  on  nomenclature  and  STANDARDS 

Louis  Bell,  Howard  Lyon, 

E.  C.  Crittenden,  Secretary,    C.  O.  Mailloux, 

W.  A.  Dorey,  a.  S.  McAllister, 

W.  J.  Drisko,  W.  E.  Saunders, 

E.  J.  Edwards,  C.  H.  Sharp,  Chairman, 

G.  A.  HoadlEy,  C.  p.  Steinmetz, 

E.  P.  Hyde,  G.  H.  Stickney. 

A.  E.  Ken  NELLY, 

DISCUSSION 

C.  H.  Sharp  :  The  changes  proposed  are  in  the  way  of  simpli- 
fying the  definitions  and  of  making  the  arrangement  of  them  more 
systematic  and  logical. 

I  wish  to  reiterate  what  the  Secretary  said :  that  the  Committee 
would  like  the  benefit  of  the  criticisms  and  suggestions  of  the 
members  of  the  Society,  particularly  of  those  who  are  really 
practicing  illuminating  engineering  and  who  are  using  these  things. 

F.  A.  Benford  :  In  listing  these  units.  Item  4,  which  is  the 
lumen,  a  derived  imit,  is  placed  before  Item  6,  which  is  the  In- 
ternational Candle,  the  fundamental  unit  of  photometry. 

I  think  the  order  of  these  two  items  should  be  inverted  because 
the  simpler  and  fundamental  units  should  come  first  and  the 
complex  and  derived  units  should  follow.  This  order  of  pre- 
cedence might  well  be  followed  throughout  the  entire  list,  if 
possible,  so  arranging  matters  that  each  complex  unit  follows  the 
units  from  which  it  is  derived. 


NOMENCLATURE  AND  STANDARDS  DISCUSSION  55 

F.  E.  Cady  :  Mr.  President,  having  had  occasion  to  present 
the  subject  of  photometric  units  and  standards  to  classes  in  college 
for  the  last  four  or  five  years,  I  have  found  it  very  difficult  to 
present  to  the  students  in  a  form  which  they  can  grasp  clearly 
and  distinctly,  a  number  of  the  definitions  as  given  by  the  Com- 
mittee on  Nomenclature  and  Standards.  This  is  particularly  true 
of  the  term  "light." 

The  Committee  gives  three  definitions  of  the  term  ''light"  yet 
there  is  omitted  what  I  feel — and  Dr.  Worthing  of  our  Laboratory 
feels  the  same  way —  is  a  very  common  usage,  namely :  that 
term  which  would  have  the  same  relation  to  luminous  flux  which 
energy  has  to  radiant  flux,  or  the  time  integral  of  luminous  flux. 

This  proposal  was  sent  to  the  Committee  and  resulted  in  the 
use  of  the  new  term  ''lighting,"  which  is  under  Section  12,  and 
while  I  realize  this  is  probably  the  result  of  considerable  delibera- 
tion on  the  part  of  the  Committee,  yet  both  Dr.  A.  G.  Worthing 
and  I  felt  that  it  was  not  a  satisfactory  solution. 

The  term  "lighting"  is  used  in  so  many  ways  that  to  attempt 
to  confine  it  to  cover  this  idea  of  the  time  flux,  time  luminous 
flux,  would  create,  it  seems  to  us,  more  confusion  than  clarity. 

Dr.  Worthing  has  asked  me  to  present  the  following  written 
discussion:  "This  year's  report  of  the  Nomenclature  and  Stand- 
ards Committee  corrects  certain  rather  glaring  errors  and  brings 
the  list  of  standardized  terms  and  definitions  much  nearer  the 
form  which  finally  represent  approved  usage. 

"To  my  mind  there  are  still  a  few  outstanding  points  needing 
consideration.  There  is  a  common  usage  of  the  word  'light'  in 
which  the  term  bears  the  same  relation  to  'luminous  flux'  as 
energy  does  to  'radiant  flux.'  It  is  illustrated  by  the  sentence 
'The  sun  radiates  light.'  In  response  to  a  suggestion  by  Mr. 
Cady  and  myself  that  this  usage  be  recognized  and  that  the  'lumen- 
hour'  be  named  the  unit  of  its  measurement,  the  Committee  has 
rcplicxi  by  giving  the  name  'lighting'  to  our  'light.'  Their  'lighting' 
is  also  to  be  measured  in  'lumen-hours.' 

"One  of  the  tests  for  terms  of  this  kind  is  that  of  usage.  Con- 
sider them  such  statements  as  these"-  and  here  he  is  using  the 
term  "Hghting"  as  it  lias  been  defined  in  this  new  section — "'The 
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lighting  emitted  by  an  ordinary  25-watt,  iio-volt  vacuum  incan- 
descent lamp  during  its  life  amounts  to  about  250,000  lumen- 
hours/ 

''According  to  the  quantum  theory  of  radiation,  lighting  is 
emitted  in  small  bundles.  One  is  tempted  to  ask:  'Where  is 
the  pun?" 

While  lighting  as  a  term  may  well  describe  the  result  produced 
by  light  and  is  certain  to  continue  to  be  so  used,  it  seems  pecul- 
iarly unsatisfactory  when  substituted  for  'light'." 

M.  IvUCKiESH :     The  last  time  I  remember  hearing  this  report ^ 
read,  I  brought  up  a  question  as  to  the  terminology  of  "light" 
and  the  Committee  is  still  dodging  it.    They  have  here  three  defi- 
nitions, two  of  which  are  entirely  superfluous,  becouse  they  are 
also  defined  as  radiant  flux  and  luminous  flux. 

Here  we  are  an  Illuminating  Engineering  Society  and  we 
have  not  nerve  enough  to  tell  what  light  is.  It  is  the  forty- 
sixth  word  in  the  Bible,  and  you  have  all  heard  that  quotation: 
"Let  there  be  light,  and  there  was  light."  Certainly  God  Almighty 
did  not  mean  ultra-violet,  infra-red,  radiant  flux,  or  anything  else 
but  visual  sensation. 

I  feel  this  matter  is  of  great  importance.  We  should  adopt 
that  first  definition  and  put  the  other  two  in  a  foot-note.  We 
should  try  to  get  that  used  universally,  because  we  have  radiant 
flux,  we  have  visible  radiation,  infra-red  radiation,  ultra-violet 
radiation  and  terms  for  everything  else  but  light  as  a  visual  sen- 
sation. 

I  have  not  heard  heretofore  anything  about  this  definition 
"lighting,"  but  it  does  not  bring  to  my  mind  what  I  think  of 
when  we  speak  of  lighting.  To  me,  lighting  involves  in  some 
way  distribution.  This  is  a  good  definition,  I  think,  if  you  are 
concerned  with  the  lighting  of  a  single  point.  I  can  not  quite  ana- 
lyze why  I  do  not  like  it,  but  I  certainly  would  never  use  that 
term  in  that  manner.  And,  as  Dr.  Worthing  has  said,  I  think 
usage  is  so  established  in  other  ways  than  this  that  that  could  never 
be  adopted. 

Louis  Bell:  I  am  very  much  in  accordance  with  what  Mr. 
Luckiesh  has  said  regarding  the  desirability  of  pinning  ourselves 
down  to  a  simple,  sensation  definition  of  light.    To  do  anything 
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else  is  raising  the  old  question  as  to  whether  there  can  be  a  sound 
where  there  is  no  ear  to  hear  it,  and  all  that  sort  of  thing,  which 
is  metaphysics,  and  not  common  sense.  Carlyle  once  said  of 
metaphysics  that :  ''High  air  castles  are  cunningly  built  out  of 
words,  well  laid,  moreover,  in  good  logic  mortar,  wherein,  how- 
ever, no  knowledge  comes  to  lodge." 

I  think  when  we  have  a  simple  definition  of  light  like  the 
primary  one,  it  is  best  to  put  the  other  ones  in  foot-notes,  recog- 
nizing the  fact  that  they  are  used. 

Regarding  the  written  communication  which  Mr.  Cady  read, 
I  think  that  the  classes  which  the  gentleman  teaches  had  better 
be  instructed  in  simple,  plain  English.  The  phrase  "the  sun 
radiates  light"  certainly  does  not  connote  to  me  continuity,  or  the 
mtegration  of  that  light  over  minutes,  hours,  days,  or  eons.  I 
think  it  simply  expresses  the  fact  that  it  radiates  that  which 
gives  us  a  sensation  of  light,  and  that  is  all  there  is  to  it. 

We  should  stop  splitting  hairs  on  matters  of  that  kind  and  try 
to  eliminate  and  throw  out  of  usage  loose  expressions  like  that 
on  which  this  particular  objection  is  based. 

G.  A.  HoADLEY :  The  difficulty  in  undertaking  to  define  some- 
thing that  everybody  understands  is  very  great  indeed.  That 
first  definition  has  shown  itself  to  be  satisfactory  to  a  number  of 
the  members  present.  It  is  not  satisfactory  to  me  at  all,  and  the 
reason  is  that  it  is  the  definition  from  the  physiological  point  of 
view. 

If  you  take  the  physical  point  of  view,  the  term  light  may  be 
defined  as  the  thing  that  produces  a  sensation,  and  not  the  sen- 
sation itself.  I  believe  that  is  a  more  accurate  definition;  it  is,  at 
any  rate,  from  the  physical  standpoint. 

T.  W.  RoLPH :  I  would  like  to  call  attention  particularly  to 
Item  57,  the  definition  of  "luminaire."  The  Committee  has 
supplied  us  here  with  a  word  which  is  extremely  useful  and 
fills  a  need  which  has  long  been  felt.  The  old  term  of  "light-unit" 
or  "h^diting-unit"  to  describe  a  lamp  with  its  various  accessories 
is  crude;  it  is  a  very  poor  term  to  use.  Furthermore,  we  never 
got  it  across  to  the  pubHc ;  they  always  confused  it  with  some 
kind  of  unit  of  measurement,  and  it  never  came  into  general  use 
anywhere  except  among  ourselves. 
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Now  we  have  a  new  word,  which  is  a  coined  word,  and  which 
definitely  describes  the  thing  that  we  want  to  describe.  I  would 
advocate  that  we  all  take  great  pains  to  use  the  new  word  on 
every  occasion,  and  that  we  drop  completely  from  our  terminology 
the  words  *'light-unit"  and  "lighting-unit." 

C.  H.  Sharp  :  We  have  been  accused  of  dodging  the  definition 
of  light  for  years.  The  Committee  has  said  that  the  term  light 
is  used  in  various  ways,  and  here  are  three  of  them.  I  presume  it 
is  used  in  some  other  ways,  and  I  do  not  think  there  is  anything 
in  that  statement  there  that  can  be  disputed.  It  is  so :  "light" 
is  used  in  different  ways. 

Some  of  us  want  to  use  the  term  light  to  express  the  sensation, 
and  some  of  us  want  to  use  the  term  light  to  denote  luminous 
flux,  and,  we  are  going  to  do  it,  just  the  way  we  wish  individually 
to  do  it ! 

But  where  the  Committee  has  been  perfectly  definite  has  been 
in  the  definition  of  luminous  flux.  Luminous  flux  is  defined  as 
"the  rate  of  energy  radiation  evaluated  with  reference  to  visual 
sensation."  There  is  no  dodging  there,  and  the  point  of  view  of 
the  Committee  is  that  luminous  flux  is  the  thing  we  have  to  deal 
with.  We  are  not  dealing  with  this  indefinite  term  "light."  The 
only  marked  feature  of  the  discussion  of  the  proposed  term 
"lighting"  was  that  nobody  seemed  to  offer  any  other  term. 
Really,  a  name  is  needed.  Perhaps  Professor  Thomson  has  some- 
thing in  his  mind  that  would  fit  in.  He  has  been  thinking  about 
these  things  for  more  years  than  most  of  us.  We  need  a  term  for 
the  integral  of  light,  for  the  light-hours.  We  used  to  use  candle- 
hours,  and  now  we  speak  of  lumen-hours.  We  ought  to  have  a 
term  to  designate  that  integral  quantity,  and  this  is  one  suggestion 
for  it.  I  hope  a  better  one  may  be  found,  but  until  then  there  is 
no  use  finding  fault  with  this  one.  It  is  not  perfect,  but  let  us  hold 
on  to  it  until  we  have  a  better  one. 

M.  LucKiESH :  As  I  understand  it,  this  is  a  Committee  on 
Nomenclature  and  Standards,  whose  job  it  is  to  give  us  definitions. 
None  of  us  are  going  to  use  in  every  day  writing  and  speaking 
the  words  "luminous  flux"  for  "light,"  and  it  seems  to  me  that 
we  require  a  standardized  term  or  definition  for  the  word  "light." 

Of  course  there  is  no  blunder  here  at  all;  the  term  "light"  is 
used  in  various  ways,  and  this  report  gives  three  ways.     But  if 
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the  Committee  is  going  to  assume  that  its  job  is  to  record  the 
various  ways  in  which  all  of  these  terms  are  used,  we  are  going 
to  have  a  book  which  could  be  classified  as  humor.  Certainly  it 
would  be  humorous  but  valueless  as  terminolog}^ 

E.  C.  Crittendkn  :  This  is  a  good  sample  of  what  happens 
at  all  of  our  Committee  meetings,  where  the  chief  difficulty  is  to 
close  the  discussion.  It  usually  closes  because  we  have  to  catch 
our  trains. 

There  are  several  important  points  which  have  been  raised 
here.  Mr.  Luckiesh  wishes  to  give  the  Committee  the  duty  of 
censoring  the  language  used  by  members  in  dealing  with  light.  If 
this  Society  had  the  authority  and  would  delegate  it  to  the  Com- 
mittee to  prescribe  in  what  sense  we  should  use  the  term  "light," 
we  might  decide  on  one  of  these  definitions,  but  we  have  not  that 
power.  We  can  not  say  light  means  this  or  that,  and  limit  you  or 
anybody  else  to  using  the  term  in  that  sense.  I  think  the  Com- 
mittee through  its  years  of  activity  has  been  useful  partly 
because  it  has  kept  in  view  practical  and  attainable  ends.  It 
has  not  tried  to  do  things  that  it  could  not  possibly  do.  It  has 
tried  to  give  some  guidance  to  natural  development  which  would 
meet  with  approval  and  would  come  into  actual  use. 

Personally,  I  am  inclined  to  think  the  Committee  itself  has 
wasted  many  hours  in  discussion  of  this  first  definition,  some  of 
which  might  better  have  been  given  to  more  practical  terms,  such 
as  "luminaire."  I  do  not  see  that  we  gain  much  by  arguing  over 
these  general  definitions.  If  Dr.  Bell  will  pardon  me,  I  will  bring 
out  one  reason  by  reference  to  his  remarks;  Dr.  Bell  argued  that 
light  ought  to  mean  sensation  only.  Immediately  thereafter  he 
used  the  sentence  "The  sun  radiates  light"  to  illustrate  his  argu- 
ment on  another  point,  saying  that  this  means  it  radiates  that 
which  gives  us  a  sensation  of  light.  He  has  argued  for  one  defini- 
tion and  then  used  the  other.    That  is  what  we  all  do. 

Therefore,  there  is  not  much  use  of  our  trying  to  hold  Dr. 
Bell  and  Mr.  Luckiesh  down  to  one  definition,  as  long  as  thev 
admit  thnt  they  use  both  within  five  minutes.  The  Committee  has 
thought  it  best  to  recognize  actual  established  practice,  rather  than 
to  go  counter  to  it. 

As  to  Mr.  Cady's  proposal  that  "light"  ouglu  to  be  extended 
to  cover  still  a  fourth  meaning,  the  time  integral  of  luminous  flux, 
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the  opinion  of  the  Committee  is  definite.  We  can  not  agree  to  that, 
because  it  is  absurd  to  say  that  the  same  word  ought  to  mean  the 
integral  and  the  thing  you  integrate.  They  are  two  different 
things,  and  you  do  not  want  the  same  name  for  both.  'Xighting" 
may  not  be  the  right  name,  but  we  certainly  feel  that  the  use 
of  "light"  for  the  integral  and  also  for  the  rate  or  flux  would 
lead  to  still  further  confusion. 

I  might  point  out  that  quite  independently  our  confreres  in 
Germany,  who  are  quite  logical  in  these  matters,  have  during  the 
year  arrived  at  a  corresponding  set  of  terms.  They  have  adopted 
a  term  corresponding  to  "lighting,"  that  is,  the  integral  or  quantity 
of  light;  starting  with  that  they  have  proceeded  to  give  as  suc- 
cessive derivatives,  light  flux,  intensity,  and  illumination.  The 
fact  that  the  need  of  such  a  term  is  being  recognized  thus  inde- 
pendently is  rather  significant.  We  will  leave  the  question  open 
for  suggestions  during  the  year  as  to  a  good  term  for  that  quantity. 

The  point  Mr.  Benford  brought  up  as  to  the  order  of  two 
of  these  definitions.  Numbers  4  and  6,  has  in  it  an  idea  which  is 
at  the  basis  of  many  of  our  difliculties  in  discussing  these  terms. 
In  a  few  years  we  have  changed  the  very  basis  of  our  thinking. 
A  few  years  ago  we  used  to  think  in  terms  of  the  source  of  light, 
that  is,  of  the  candlepower;  we  now  deal  with  lumens,  or  flux, 
and  this  is  a  very  fundamental  change. 

When  we  speak  of  lumens,  we  are  thinking  primarily  of  light 
as  the  thing  which  falls  on  objects  and  makes  it  possible  to  see 
them,  or  we  are  thinking  of  the  flux  through  a  space.  But  in 
our  measurements,  we  still  have  to  start  from  a  concrete  standard 
of  candlepower.  The  logical  unit,  to  fit  our  way  of  thinking  of 
light  nowadays  would  be  a  certain  amount  of  flux  of  a  given 
quality.  That  is  a  thing  which  we  can  not  yet  measure  with 
sufficient  precision  to  base  our  measurements  upon  it.  We  must 
still  go  back  to  somewhat  archaic  standards  of  candlepower,  and 
we  have  as  a  result  a  certain  confusion  of  thinking.  We  talk 
about  lumens,  we  calculate  in  terms  of  flux,  and  then  in  all 
measurements  we  start  out  from  a  source  of  specified  candlepower. 

That  is  one  reason  why  these  sections  appear  to  be  in  the 
wrong  order.  Logically,  however,  the  definitions  start  with 
luminous  flux  as  the  fundamental  thing;  then  naturally  the  unit 
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of  luminous  flux  follows.  The  definition  of  candlepower  from 
this  point  of  view  is  secondary,  and  therefore  it  is  put  second. 
I  may  say  that  one  of  the  difficulties  in  reaching  an  international 
agreement  on  definitions  is  the  fact  that  this  practice  of  thinking 
in  terms  of  light  flux  is  not  so  common  abroad  as  here.  We  hope 
that  our  own  point  of  view,  which  we  consider  more  advanced, 
will  soon  become  more  widely  accepted,  and  that  a  greater  degree 
of  uniformity  in  the  definitions  may  be  obtained  between  the 
different  countries  concerned. 

E1.IHU  Thomson  :  Really,  I  do  not  think  I  am  competent  to 
discuss  this  question,  which  seems  to  give  rise  to  such  difficulties. 
It  is  the  same  old  question  of  course  that  we  have  been  familiar 
with  for  so  many  years  in  sound,  where  there  is  sound,  there 
is  this,  that  or  the  other  thing,  whether  sound  is  the  vibration 
of  the  air,  or  the  effect  on  the  auditory  nerve  collected  and  passed 
on  to  the  brain. 

It  seems  to  me  it  is  the  old  story  of  having  one  term  to  mean 
many  things.  We  speak  of  a  "light"  color,  using  it  as  an  adjective, 
and  a  dark  color,  and  there  again  we  have  another  use  of  the  term 
*'light,"  meaning  the  effect  of  the  light  sent  back  from  a  colored 
surface. 
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SYNOPSIS:  Computing  scales  for  use  in  connection  with  the  photometering  of 
vacuum  tungsten  lamps  on  life  test  have  been  in  use  for  quite  a  number  of  years.  The 
increasing  use  of  the  integrating  sphere  has  made  it  desirable  to  adapt  this  arrangement 
to    the   sphere   photometer. 

The  scientists  at  the  Bureau  of  Standards  have  developed  a  very  ingenious  mech- 
anical arrangement  for  this  purpose  which  could  be  adapted  to  any  photometer  with 
a  movable  comparison  lamp  and  fixed  head  and  test  source. 

The  paper  with  illustrations  describes  in  detail  the  construction  of  the  device 
which  converts  into  logarithmic  motion  the  inverse  square  motion  of  the  comparison 
lamp  of  a  sphere  photometer.  The  arrangement  of  computing  scales  which  has  been 
in  use  for  a  number  of  years  at  the  Bureau  of  Standards  on  a  horizontal  bar 
photometer  has  been  adapted  to  this  device  with  a  consequent  saving  of  time  and 
labor  on  life  test  measurements  made  in  the  integrating  sphere.  Preliminary  tests 
show   a    high   degree    of   precision. 

A  set  of  computing  scales  which  have  proved  of  great  value 
in  convenience  and  the  saving  of  time,  has  been  in  use  for  a 
number  of  years  at  the  Bureau  of  Standards  in  connection  with 
the  photometering  of  vacuum  tungsten  lamps  on  life  test.  Since 
the  description  of  the  watts  per  candle  computer  was  published^ 
Mr.  J.  F.  Skogland  has.  added  a  scale  for  reading  the  per 
cent  of  initial  candlepower  and  a  computer  based  on  the  lamp 
characteristics  which  enables  efficiencies  at  the  life-test  voltage  to 
be  read  directly  from  the  computer  on  the  photometer  while  the 
lamps  are  photometered  at  a  lower  voltage  which  gives  a  color 
match  with  the  standards  used.     These  additional  scales  will  be 
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Director  of  the  Bureau  of  Standards  of  the  U.  S.  Department  of  Commerce. 

**  Assistant  Physicist,  Bureau  of  Standards,  U.  S.  Department  of  Commerce,  Wash- 
ington, D.  C. 

^  Bull.  Bur.  Stds.,  Vol.  12,  p.  605,  1915-16;  Bur,  of  Stds.,  Sci.  Paper  No.  265; 
Trans.  I.  E.  S.,  Vol.  X,  No.  8,  p.  814,  Nov.  20,   1915. 

The  Illuminating  Engineering  Society  is^^ot  responsible  for  the  statements  or 
opinions  advanced  by  contributors. 
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described  by  Mr.  Skogland  in  a  forthcoming  paper.  The  in- 
creasing use  of  the  integrating  sphere  in  the  photometry  of  both 
vacuum  and  gas-filled  lamps  has  made  it  desirable  to  adapt  this 
arrangement  of  scales  to  the  sphere  photometer  and  the  present 
paper  describes  a  device  which  has  been  designed  for  this  purpose. 

The  operation  of  the  scales  in  use  on  the  bar  photometer  de- 
pends on  the  fact  that  in  the  case  of  a  photometer  with  movable 
head  and  fixed  test  and  comparison  lamps  the  candlepower  scale 
very  closely  approximates  a  logarithmic  scale  ruled  to  the  proper 
base.  This  makes  it  possible  to  use  auxiliary  logarithmic  scales 
in  connection  with  the  candlepower  scale  like  an  ordinary  slide 
rule  for  computing  efficiencies,  per  cent  candlepower  and  char- 
acteristic relations,  the  photometer  supplying  the  required  motion 
of  the  scales.  But  in  the  case  of  a  photometer  with  movable 
comparison  lamp  and  fixed  head  and  test  source,  in  which  class  a 
sphere  photometer  must  necessarily  fall,  the  candlepower  scale 
deviates  widely  from  a  logarithmic  scale.  Therefore  some  method 
of  compensation  must  be  employed  before  computing  scales  can  be 
used.  This  has  been  acomplished  in  the  attachment  to  be  de- 
scribed. Incidentally  the  motion  is  also  reduced  to  one-half  of 
the  comparison  lamp  motion,  giving  scales  of  a  more  convenient 
size,  and  is  brought  around  90°  from  the  line  of  motion  of  the 
comparison  lamp,  thus  placing  the  scales  in  a  position  for  easy 
reading. 

The  principal  feature,  and  the  one  upon  which  the  operation  of 
this  device  depends,  is  a  cam  so  constructed  that  for  any  given 
motion  of  the  comparison  lamp,  and  consequently  of  the  scales 
attached  to  it,  a  motion  of  the  reference  plate  will  be  produced 
equal  to  the  difference  between  the  motion  of  the  comparison 
lamp  and  the  corresponding  distance  on  the  logarithmic  scale. 
This  brings  the  index  and  computing  scales,  which  are  attached 
to  the  reference  plate,  to  their  proper  position  relative  to  the 
candlepower  scale.  Reference  to  Figures  i  and  2  will  show 
how  this  is  accomplished. 

Attached  to  the  comparison  lamp  carriage,  T,.  is  a  rack,  F, 
which  moves  in  ^niidcs  attached  to  the  photometer  bar  and  engages 
a  large  gear,  Ci,  at  the  end  of  the  rack.  Gear.  O,  rotates  on  an 
axis  set  in  tlie  bed.  l^  and  on  this  axis  are  also  the  cam,  C,  and 
the  small  gear.  g.  {\\v(\  to  move  with  O.     The  diameter  of  g  is 
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Fig.    2. — Diagrammatic   sketch    of   attachment. 

one-half  that  of  G  so  that  Scale  i,  which  carries  a  rack  engaging 
g,  moves  always  one-half  as  far  as  the  comparison  lamp.  A 
weight  attached  to  Scale  i,  by  a  cord  running  over  a  pulley  serves 
to  take  up  the  backlash  in  the  gears  and  keep  them  always  in 
contact  on  the  same  side  of  the  teeth.  Thus  the  motion  of  Scale 
I  with  reference  to  the  bed  is  proportional  to  the  motion  of  the 
comparison  lamp,  and  if  the  index  were  on  the  bed,  the  scale 
of  candlepowers  would  be  one  of  inverse  squares.  Such  a  scale 
would  deviate  too  much  from  a  logarithmic  scale  to  permit  its 
use  as  a  slide  rule,  being  too  open  at  the  lower  end  and  too  close 
at  the  upper  end.  In  order  to  compensate  for  these  differences 
a  movable  reference  plate,  P,  is  introduced  which  moves  on  the 
tracks,  T,  cut  in  the  bed,  and  which  is  kept  in  contact  with  the 
cam,  C,  at  the  roller,  R,  by  a  spring  not  shown  in  the  diagram. 
The  cam  deviates  from  a  circle  at  any  angle  of  rotation  by  the 
same  amount  that  the  logarithmic  scale  deviates  from  an  inverse 
square  scale  at  the  point  corresponding  to  this  angle.  Thus 
the  index  and  Scales  2  and  3  are  moved  the  amount  necessary  to 
bring  them  opposite  the  proper  point  on  Scale  i. 
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The  scales,  ruled  to  the  proper  base  carry  the  following  values : 

1.  Lumens  and  per  cent  of  initial  lumens  on  upper  side, 'and 
.  amperes  on  lower  side. 

2.  Efficiencies. 

3.  Scale  from  lamp  characteristics. 

These  scales  are  the  same,  except  for  size,  as  those  now  in  use 
on  the  bar  photometer  for  horizontal  candlepower  measurements. 

Scale  I  is  free  to  move  on  the  reference  plate,  deriving  its 
motion  directly  from  the  comparison  lamp,  while  Scales  2  and 
3  are  set  to  the  proper  place  and  then  locked  to  the  reference 
plate  by  means  of  the  set  screws,  S,  so  that  their  position  with 
reference  to  the  plate  does  not  change  when  the  comparison 
lamp  is  moved.  Adjustments  are  provided  so  that  the  scale  can 
be  set  to  read  correctly  when  the  comparison  lamp  is  at  the 
distance  corresponding  to  the  lumen  reading  at  the  center  of  the 
scale. 

When  not  in  use,  i.  e.,  whenever  runs  other  than  life  test  are 
being  made,  the  bed,  carrying  everything  except  the  rack,  F,  can  be 
lifted  off  from  the  photometer  and  stored  out  of  the  way.     This 
is  a  convenient  feature  since  at  the  present  time  the  same  sphere 
is  being  used  for  both  life  test  and  precision  photometry. 

In  its  present  form  the  lumen  range  is  from  700  to  2,300  which 
corresponds  to  a  motion  of  the  comparison  lamp  of  about  56 
cm.  or  a  motion  of  the  scale  itself  of  about  2"^  cm.  This  range 
corresponds  to  about  one-half  the  length  of  a  slide  rule  so  that 
the  scale  has  divisions  the  same  size  as  those  of  a  20-inch  slide 
rule.  The  scales  are  easily  removed  and  it  is  inlcnded  that  ad- 
ditional ones  be  ruled  to  take  care  of  intensities  above  and  below 
this  range. 

Table  1  shows  the  magnitude  of  the  errors  resulting  from  the 
use  of  this  device.  In  the  first  cohiinii  are  gi\en  xarious  dis- 
tances of  the  comparison  lamp,  in  the  second  the  relati\e  lumen 
wducs  corrcs])()n(liiig  to  these  distances,  and  in  \\\v  third  the 
readings  taken  from  the  lumen  scale  of  the  device.  'Plie  largest 
difference  is  of  tlie  order  of  0.2  ])er  cent  which  is  witliin  tlie  range 
of  errors  in  reading  the  scale. 
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TABLE  I.— Magnitude  OF  the  Errors  Resulting  from  use 

OF  Attachment. 


Comparison  lamp 

Relative  intensity 

Relative  intensity 

distance — cm. 

computed 

observed 

66 

229.6 

229.6 

70 

204.1 

204.0 

75 

177.8 

177-9 

80 

156.2 

156.2 

85 

138.4 

138.4 

90 

123.5 

123.6 

95 

II0.8 

IT0.8 

100 

.100.0 

ICO.  2 

105 

90.7 

90.8 

i                            I  TO 

82.6 

82.5 

1                            ^^5 

75.6 

75-5 

1                            1.9 

70.6 

70.6 

The  writer  is  indebted  to  Mr.  J.  F.  Skogland  for  advice  and 
assistance  in  adapting  his  computing  scales  to  this  device,  and  to 
Mr.  R.  Hayes,  whose  careful  work  in  cutting  the  cam  is  largely 
responsible  for  the  high  degree  of  precision  attained. 


PLOTTING  OF  SPECTROPHOTOMETRIC  DATA* 


BY    FRANK    A.    BENFORD** 


SYNOPSIS:  The  plotting  of  spectrophotometric  data  is  looked  upon  as  a  means 
of  making  the  data  more  easily  read  and  understood,  and  to  gain  these  ends  it  is 
considered  essential  to  standardize  certain  features  such  as  the  limits  of  wave  length 
covered  by  the  web,  the  color  boundaries,  and  some  common  unit  for  measuring  wave 
lengths.  Some  of  the  distinctions  between  a  curve  showing  energy  and  one  showing 
light  are  pointed  out  and  a  form  of  curve  combining  the  advantages  of  both  is 
introduced.  The  real  purpose  of  the  "unity"  point  is  considered  and  note  is  made 
of  how  this  custom  alters  the  position  of  curves  and  reduces  them  from  relative 
values  to  comparative  values.  The  form  of  a  spectrophotometric  curve  is  influenced 
by  the  kind  of  spectrum,  either  continuous  or  discontinuous,  and  by  the  type  of 
instrument  used  in  testing.  The  use  of  a  suppressed  zero  on  the  vertical  scale  of 
the  web  leads  to  a  certain  loss  in  the  purely  graphic  value  of  a  curve,  and  several 
instances  are  given  of  the  errors  that  may  be  introduced  by  having  a  curve  plotted 
to  a  wrong  scale  although  the  reading  at  various  wave  lengths  may  be  apparently  in 
the  correct  relation. 

INTRODUCTION 

The  data  collected  during  a  spectrophotometric  test  are  best 
presented  in  the  form  of  a  curve.  During  recent  years  the 
value  of  presenting  data  by  a  plotted  line  has  become  recognized 
in  all  branches  of  industry  but  in  no  case  is  the  graphical  pre- 
sentation more  useful  than  in  this  type  of  photometry.  As  the 
art  becomes  more  highly  specialized,  greater  care  is  needed  in 
preparing  the  curve  because  not  everyone  has  time  to  keep  fully 
informed  on  all  the  increasing  details  that  enter  into  its  plotting. 
When  this  stage  is  reached  the  next  logical  step  is  to  have  a 
general  agreement  among  all  concerned  about  many  of  the  de- 
tails so  that  standards  of  practice  can  be  established.  This 
renders  it  easier  for  the  occasional  user  of  such  data  to  absorb 
such  information  as  the  data  may  contain  with  the  least  expen- 
<iilurc  of  time  and  effort,  which  is  after  all  the  main  purpose  of 
all  graphical  presentation. 

•A  paper  presented  at  the  Annual  Convt-iition  of  the  Illuminating  llnginecr- 
in((   Society,    Swampscott,   Mas.s.,   Sept.   25-28,    igjj. 

••Physicist,  IllmiiinatiiiK  ICnuiiu-criug  Laboratory,  (icneral  ICloctric  Co.,  Schenec- 
tady,  N.   Y. 

The  Illuminating  Knginccring  Society  is  not  responsible  for  thi-  statements  or 
ojnnions   advanced   by   contributors. 
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There  are  several  distinct  types  of  data  that  require  different 
treatments  in  plotting.  It  is  seldom  that  the  emissivity  of  a 
light  source  is  given  in  other  than  relative  units,  but  on  the 
other  hand,  data  of  transmission  and  reflection  must  be  plotted 
to  an  absolute  scale.  In  giving  examples  the  writer  has  con- 
fined himself  to  data  draw^n  from  the  files  of  the  laboratory  as 
these  w^ere  all  at  one  time  the  subject  of  considerable  thought 
and  the  practical  problems  that  had  to  be  solved  would  hardly 
have  suggested  themselves  from  a  purely  theoretical  study  of  the 
subject. 

This  society  has  always  paid  considerable  attention  to  the 
color  of  light  sources  and  to  the  reflectivity  of  surfaces,  but  in  the 
presentation  of  the  data  each  author  has  laid  out  the  web  and 
plotted  the  data  as  seemed  best  to  himself.  The  resultant  lack 
of  uniformity  in  methods  and  terms  might  possibly  lead  to  con- 
fusion and  this  paper  is  an  attempt  to  present  in  an  orderly 
manner  some  of  the  details  of  plotting  spectrophotometric  curves 
that  have  formarly  been  taken  as  a  matter  of  course,  and  it  is 
offered  as  a  contribution  toward  a  general  uniformity  of  practice. 

THE)  Extreme:  and  useful  limits  of  vision 

The  eye  is  sensitive  to  radiations  of  wave  length  0.39  /x  to 
0.76  fi  or  077  /x,  but  these  are  e::treme  limits  that  can  be  attained 
only  under  certain  rare^  conditions.  For  all  ordinary  purposes 
of  illumination  the  limi+s  are  better  placed  at  o.]2  fx  to  0.68  /x, 
because  beyond  these  values  the  amount  of  light  is  so  small  as  to 
be  of  smiill  practical  vakie  and  accurate  testing  beyond  these 
limits  is  difficult.  In  making  up  a  web  tc  plot  the  data  it  is  con- 
venient to  extend  the  limits  to  0.40  fi  and  0.70  fx.  This  web  has 
several  important  features,  one  of  which  will  be  discussed  later. 
For  the  sake  of  simplicity  and  uniformity  it  has  been  the  practice 
of  the  writer  to  make  the  web  extend  from  0.40  fi  to  0.70  ;u  even 
if  the  data  points  covered  only  the  central  part  of  the  web. 

COLOR    BOUNDARIES 

There  does  not  seem  to  be  any  generally  accepted  definition 
of  the  spectrum  colors  in  terms  of  wave  length.  The  boundaries 
given  below  are  by  Listing  and  they  have  been  used  by  a  number 
of  writers. 
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Below  0.397  ft,  ultra-violet; 
0.397  /^  ^o  0.424  fi,  violet ; 
0.424  fx  to  0.455  /^.  indigo; 
0.455  /^  to  0.492  fjL,  blue; 
0.492  /i  to  0.575  fi,  green; 
0.575  fx  to  0.585  /x,  yellow; 
0.585  fi  to  0.647  /^>  orange ; 
0.647  fx  to  0.723  fi,  red; 
above  0.723  /a,  infra  red. 

Two  changes  might  be  made  in  the  above  list.  One  would  be 
to  limit  the  range  to  0.40  fi  and  0.70  fi,  and  the  other  would  be 
to  drop  indigo.  There  seem  to  be  a  large  number  of  people 
(the  writer  included)  who  do  not  see  any  color  between  0.424 
and  0.455  sufficiently  distinct  from  blue  and  violet  to  be  called 
a  separate  color.  The  list,  as  amended  for  use  in  this  laboratory 
is  given  below. 

Below  0.400  fx,  ultra-violet ; 
0.400  fx  to  0.424  fx,  violet ; 
0.424  fx  to  0.492  IX,  blue ; 
0.492  fx  to  0.575  fx,  green; 
0.575  fx  to  0.585  fx,  yellow; 
0.585  fx  to  0.647  M>  orange ; 
0.647  f^  to  0.700  fx,  red ; 
above  0.700  fx,  infra-red. 

It  is  a  great  convenience  to  have  these  color  boundaries  marked 
in  some  manner  on  all  spectrophotometric  webs.  Most  people 
think  in  terms  of  color  rather  than  wave  lengths  and  even  if 
the  addition  of  color  hoinidarics  to  the  web  makes  it  appear  a 
little  more  complicated  tlie  net  result  is  a  pronounced  gain  in 
clarity. 

CIIOICi:    ()!•     IXITS    I'OR    DKSIGNATIXC.    WAVK    [.KNGTIIS 

There  are,  ratlu-r  iinfortuiialcl}-,  three  units  of  length  used  to 
designate  \\a\c'  lengths  of  h'ght.  'IMiere  is  the  micron,  or  10" 
meter,  designated  by  /x.  On  this  scale  green  light  is  indicatetl 
by  0.55  /t.  A  second  scale  is  the  ninth  meter,  or  lO'*  meter, 
designated  by  nufi,  on  which  scale  green  is  indicated  by  500  nifx. 

'IMicn  there  is  the  Angstrom  scale  or  tenth  meter  (  10  '"  meter)  on 
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which  green  is  5,500  A.  The  last  scale  is  universally  used  in 
precision  measurements  of  wave  lengths  where  there  may  be  as 
high  as  seven  or  eight  significant  figures.  The  illuminating  engi- 
neer when  dealing  in  colors  is  seldom  interested  beyond  the  third 

figure  of  the  wave  length  and  the  Angstrom  scale  contains  one  or 
more  useless  figures.  The  micron  scale,  or  io~^  meter,  is  much 
better  in  this  respect  and  a  web  marked  in  microns  can  be  marked 
clearly  and  with  sufficient  accuracy  with  no  more  than  two 
significant  figures  at  the  foot  of  each  main  ordinate.  The  third 
figure  can  be  estimated  and  this  gives  a  wave  length  accuracy 
sufficient  for  all  ordinary  purposes. 

ENERGY  vs.  LIGHT 
There  are  at  least  two  common  ways  of  plotting  spectro- 
photometric  data.  One  way  is  to  give  the  relative  energ}^  at 
each  wave  length  throughout  the  visible  region,  paying  no  atten- 
tion to  the  visibility  of  radiation  except  in  the  matter  of  limits. 
This  curve  is,  therefore,  purely  an  energy  curve  and  a  great  deal 
of  interpretation  is  needed  to  get  it  into  terms  of  light.  The 
greatest  error  this  type  of  curve  may  lead  to  is  assigning  too  much 
importance  to  radiation  at  the  ends  of  the  visible  spectrum. 

One  way  out  of  this  dilemma  is  to  reduce  the  energy  curve 
to  a  curve  of  light  by  multiplying  the  various  energy  values  by 
the  visibility  at  the  different  wave  lengths.  The  area  under  the 
reduced  curve  now  represents  light  and  each  portion  of  the 
spectrum  is  given  to  a  proper  scale.  The  great  shortcoming  of 
this  curve  is  that  it  has  lost  much  of  its  graphic  value,  due  to  the 
strong  characteristic  form  of  the  visibility  curve  covering  and 
concealing  the  variations  that  were  easily  seen  in  the  original 
curve. 

A  little  more  than  a  year  ago  the  writer  had  occasion  to  plot 
the  transmission  data  of  twenty-one  dyes  arid  filters  used  in  the 
motion  picture  industry.  An  attempt  was  made  to  plot  the 
data  so  that  the  curve  would  show : 

(a)  transmission  of  each  wave  length; 

(b)  average  transmission  for  entire  visible  spectrum; 

(c)  relative    luminosity    of    the    different    parts    of    the 
transmitted  spectrum. 
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The  web  adopted  was  constructed  as  follows :  A  visibility 
curve  was  plotted  to  a  large  scale  and  the  ordinates  measured  at 
close  intervals.  Beginning  at  0.40  /x  the  ordinates  were  added 
together  one  at  a  time  and  the  summation  curve  so  obtained  was 
plotted.  This  curve  thus  represented  the  summation  of  the 
light  from  a  source  of  uniform  intensity  from  end  to  end  of  the 
spectrum. 

The  areas  under  the  visibility  curve  from  0.40  fi  up  to  various 
wave  lengths  were  read  from  this  summation  curve  and  used 
to  get  the  spacing  of  the  ordinates  of  Figure  i.  As  a  result,  the 
space  between,  say  0.55  fi  and  0.56  //.  on  the  web  is  proportional  to 
the  light  between  these  limits  from  a  source  of  uniform  inten- 
sity of  radiation. 

A  curve  of  transmissivity,  or  reflectivity,  or  radiation,  plotted 
on  this  web  fulfills  conditions  (a),  (b)  and  (c)  above  and  at  the 
same  time  all  parts  of  the  curve  are  readable  and  retain  an  in- 
dividuality of  form  midway  between  the  energy  curve  and  the 
reduced  luminousity  curve.  The  area  under  such  a  curve  of 
transmissivity  divided  by  the  whole  area  of  the  web  gives  the 
net  transmissivity  which  may  be  obtained  with  a  planimeter  or 
by  measuring  ordinate?. 

To  make  the  difference  more  apparent  the  same  data  have 
been  plotted  in  Figure  2  to  a  scale  of  evenly  spaced  ordinates. 
The  area  under  59  A  is  29  per  cent  of  the  total  area  of  the 
web,  while  the  area  under  30  A  is  34  per  cent  of  the  total.  Filter 
30  A  thus  appears  to  have  the  higher  transmission  of  the  two, 
whereas,  the  other  filter  59  A  has  a  higher  transmission  in  the 
ratio  of  0.487  to  0.265. 

At  the  extreme  ends  of  the  web  of  I'igure  i  the  ordinates  are 
crowded  together,  but  with  this  exception  all  parts  of  the  curve 
are  readable  and  the  purely  graphic  value  of  data  so  plotted  is 
much  higher  than  when  on  tlie  customary  web. 

POINT    OF    EQUAMTV 

In  studying  the  light  from  any  given  source  wo  consider 
the  ([uantity  and  cjuality  as  two  distinct  characteristics  and  in 
nearly  all  cases  two  distinct  tests,  photometric  and  spectro- 
photometric,  are  made.  'I'he  spectrophotomclrlc  data  lU'ocl  not 
tlicii  br  plotted  to  an  absolute  scale  as  the  cur\e  is  supposed  tr> 
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show  only  relative  intensities  throughout  the  spectrum.  Under 
this  condition  any  scale  of  ordinates  may  be  used,  but  there  has 
grown  up  a  certain  convention  in  the  use  of  the  vertical  scale 
that  makes  for  ease  in  comparing  the  data  of  various  curves. 

A  number  of  years  ago  it  was  customary  to  make  all  emission 
curves  pass  through  unity  at  0.59  fx.  It  was  then  the  general 
opinion  that  the  visibility  was  greatest  in  the  yellow  region,  and 
this  opinion  persisted  until  accurate  tests  were  made  of  both 
visibility  and  the  emission  characteristics  of  light  sources.  Later 
work  has  shown  that  under  normal  illumination  the  peak  of  the 
visibility  curve  lies  at  about  0.556  /x  and  this  thus  becomes  a 
natural  fixed  point  in  plotting  curves.  In  place  of  using  0.556  fi 
it  is  customary  to  use  0.550  /*  as  the  common  crossing  point  for 
all  emission  curves.  This  is  exactly  in  the  center  of  the  0.4  jjl — 
0.7  fi  web.  Another  factor  that  has  helped  to  bring  about  the 
change  from  0.59  fx  to  0.55  /x  is  the  gradual  change  in  color  of  the 
common  illuminants.  The  early  illuminants,  such  as  candles, 
oil  lamps,  and  gas  flame  fed  with  sodium,  were  predominately 
yellow  in  color,  and  the  center  in  a  vertical  direction  of  the 
emission  curve  was  at  about  0.59  fi.  The  light  sources  used  in 
the  arts  and  sciences  to-day  are  much  hotter  and  the  center  of  the 
curve  has  shifted  over  to,  or  beyond,  0.55  ju. 

It  might  be  noted  that  the  peak  of  the  visibility  curve  moves 
to  shorter  wave  lengths  as  the  illumination  is  decreased  and 
there  is  no  particular  theoretical  virtue  in  adopting  exactly  0.556  fx 
or  any  other  point.  The  choice  is  more  logically  made  for  con- 
siderations of  convenience  and  uniformity. 

Some  special  problems  arise  in  connection  with  the  unity  point 
when  we  are  deahng  with  discontinuous  spectra.  Here,  any 
curve  whether  smooth  or  broken,  does  not  represent  at  all  ac- 
curately the  finer  details  of  the  distribution  of  energy,  although 
the  general  nature  of  the  spectrum  may  be  shown  by  either  type 
of  curve  with  all  desirable  accuracy.  Of  the  two  the  smooth 
curve  may  be  simpler  to  read  and  understand.  In  Figure  3 
is  shown  a  series  of  test  points  that  are  connected  by  a  broken  line 
that  crosses  the  0.55  fx  ordinate  at  0.92.  A  smooth  curve  that 
was  drawn  in  order  to  compare  with  another  spectrum  that  is 
actually  smooth  is  shown  passing  through  0.55  /m  at  1. 00  on  the 
scale  of  relative  energy.     This  illustrates  very  well  the  difficulty 
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Fig-  3- — Relative  energy  curve  of  Moore  light  for  color  matching.  Type   E-i. 

that  may  arise  between  two  curves  drawn  from  the  same  data. 
As  the  entire  level  of  the  curves  is  determined  by  the  value  at 
0.55  \k  this  is  sometimes  a  serious  question.  If  the  two  curves  in 
Figure  3  are  made  to  pass  through  a  common  point  at  0.55  y.  it 
is  readily  seen  that  the  general  level  of  the  broken  curve  will  no 
longer  agree  with  that  of  the  smooth  curve.  This  difficulty  in 
a  slightly  different  form  arises  when  two  or  more  tests  are  made 
on  a  discontinuous  spectrum  of  varying  intensity,  such  as  tliat 
from  an  arc  lamp.  Any  lack  of  agreement  at  0.55  /x  iiilluences 
all  the  other  points  if  we  insist  upon  an  exact  agreement  between 
curv'js  at  this  i)oint  and  it  seems  better  practice  to  get  a  general 
agreement  throughout  the  spectrum  rather  than  at  some  selected 
point. 
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Every  spectrophotometric  curve  should  have  shown  along  with 
it  the  actual  data  points.  It  often  happens  when  dealing  with 
continuous  spectra  that  a  smooth  curve  can  be  drawn  through 
all  points,  but  even  here  they  should  be  given.  The  smooth  curve 
of  Figure  3  is  an  extreme  case  of  smoothing  which  the  writer 
believes  was  justified,  but  it  would  not  have  been  fair  to  the 
reader  to  have  given  the  smooth  curve  without  the  data  points 
and  claimed  it  was  a  good  average  curve.  With  all  data  points 
given,  each  reader  is  in  a  position  to  accept,  reject  or  alter  ihe 
curve  to  suit  himself.  This  condition  arises  continually  in  all 
of  the  more  difficult  tests  with  arcs  and  while  the  man  plotting 
the  curve  muse  be  allowed  to  use  his  judgment  in  all  cases,  he 
should  extend  that  privilege  to  the  reader. 

The  greatest  use  of  the  common  point  is  in  the  assembling  of 
several  curves  on  the  same  sheet  so  that  they  may  be  compared. 
An  example  of  this  is  given  in  Figure  4  where  an  attempt  is 
made  to  so  present  the  spectrophotometric  data  of  daylight  and 
tungsten  light  that  they  may  be  readily  compared  for  quality. 
Thus,  if  all  the  tungsten  curves  were  plotted  in  their  true  rela- 
tion for  any  given  lamp,  the  2,335°  curve  would  be  lowest  of  all 
and  the  3,015°  curve  would  be  above  the  other  three  and  none  of 
the  curves  would  cross.  But  as  we  are  ordinarily  more  in- 
terested in  comparisons  than  in  relations,  we  resort  to  the  device 
of  the  common  point. 

PRISM   SPECTRUM   AND  GRATING  SPECTRUM 

In  testing  with  a  continuous  spectrum  the  operator  has  con- 
siderable freedom  in  the  choice  of  test  points,  and  usually  they 
will  be  selected  at  equal  wave  length  spacings,  regardless  of 
whether  the  spectrum  is  formed  by  a  prism  or  a  grating.  But 
when  a  discontinuous  spectrum  is  being  measured  for  light  certain 
precautions  must  be  rigidly  observed.  One.  of  these  is  that  no 
section  of  the  spectrum  must  be  omitted,  otherwise  an  important 
line  or  band  might  be  missed,  and  no  section  of  the  spectrum 
should  be  included  in  the  readings  on  two  adjacent  test  sections. 

The  most  reliable  way  of  fulfilling  these  conditions  is  to  move 
the  telescope  of  the  spectrophotometer  through  the  width  of  the 
eye  slit  for  each  test  point.  With  a  prism  spectrum  this  gives 
test  points  spaced  about  eight  times  as  far  apart  in  the  red  region 
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as  in  the  violet  region.  This  in  turn  influences  the  form  of  the 
plotted  curve  and  may  make  one  end  seem  more  uneven  than 
the  other,  as  in  Figure  5,  full  line  curve.  A  normal  spectrum,  as 
from  a  grating,  will  give  under  the  above  test  conditions  a  series 
of  steps  of  uniform  width  and  the  real  unevenness  of  the  spec- 
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Fig.    5. — Iviergy    curve    of    Beck    searchliglit. 
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trum  will  be  more  fairly  shown.  The  two  curves  of  Figure  5 
illustrate  this  point.  The  full  line  curve  is  from  a  test  with  a 
prism  and  dotted  line  curve  is  computed  from  the  same  data 
using  a  uniform  spacing  of  0.02  fi  such  as  might  be  employed  with 
a  normal  or  grating  spectrum. 

If  a  smooth  curve  is  drawn  among  the  points  the  differences 
arising  from  the  different  natures  of  the  two  instruments  will 
largely  disappear. 

absolute;  and  comparative  values 

There  are  at  least  two  kinds  of  spectrophotometric  curves 
that  should  always  be  plotted  to  an  absolute  scale.  These  are 
curves  of  reflectivity  and  transmissivity.  There  is  no  justifica- 
tion for  not  having  these  curves  to  exact  scale,  for  if  they  are 
displaced  upward  or  downw^ard  by  a  constant  factor,  they  cease 
to  truly  represent  the  facts.  To  illustrate,  consider  the  curve  A 
of  Figure  6  giving  the  spectro-transmission  of  2,300  feet  of  air 
on  a  certain  night,  when  the  average  transmission  was  found  by 
an  independent  method  to  be  0.58  for  the  entire  luminous  spec- 
trum. If  through  some  error  the  average  transmission  had  been 
determined  as  0.83  the  spectro-transmission  data  would  have 
been  plotted  as  curve  C,  while  for  an  actual  transmission  of 
0.83  the  spectro-transmission  curve  would  be  curve  D,  w^hich 
differs  greatly  from  C<.  It  is  thus  evident  that  the  curve  of 
transmission  must  be  plotted  to  correct  scale  to  represent  the 
facts. 

Another  example  of  the  necessity  of  having  absolute  rather 
than  relative  values  is  given  in  Figures  7,  8  and  9.  In  Figure 
7  two  curves,  A  and  B,  were  plotted  so  that  they  could  be  com- 
pared. In  this  first  test  it  was  necessary  to  separate,  by  computa- 
tion the  front  surface  losses  from  the  transmission  and  silver 
loss  occuring  in  a  certain  glass  mirror.  In  the  second  part  of  the 
test,  Figure  8,  it  was  necessary  to  separate  the  double  surface 
loss  from  the  transmission  loss,  and  the  data  again  had  to  be 
to  absolute  scale.  The  data  of  these  two  tests  combined  to  give 
the  reflectivity  of  the  silver  as  shown  in  Figure  9.  The  crosses 
are  computed  from  curves  A  in  Figures  7  and  8  while  the  circles 
are  computed  from  curves  B  in  the  same  figures. 
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It  will  be  observed  that  the  data  points  are  badly  scattered  and 
it  is  apparently  impossible  to  get  a  smooth  curve  such  as  would 
be  expected  for  the  reflectivity  of  silver.  The  computation  of 
each  point  included  six  different  photometric  determinations  and 
the  experimental  errors  added  to  produce  the  large  variation 
shown.  There  were  several  severe  handicaps,  other  than  physical, 
accompanying  this  test,  but  in  spite  of  these  the  data  were  kept 
to  absolute  scale  as  far  as  possible  and  the  final  results  were 
satisfactory.  In  this  particular  case,  keeping  to  correct  scale  was 
more  important  than  the  precision  of  the  photometric  values,  and 
this  is  very  often  the  case. 

There  is  one  practice  connected  with  the  use  of  an  absolute 
scale  that  is  a  common  source  of  annoyance,  or  even  of  error. 
This  is  the  "suppressed  zero"  or  web  beginning  with  some 
figure  other  than  zero  on  the  vertical  scale.  The  practice  is  par- 
ticularly deceiving  when  only  a  few  of  the  lower  divisions  are 
dropped  so  that  in  place  of  reading  from  o  to  lOO  it  reads  from, 
say  20  to  100.  To  get  a  correct  idea  of  the  data  plotted  on  such 
a  web  the  individual  points  must  be  read  and  there  is  little  gain 
over  a  tabulation  of  the  same  data. 

There  are,  of  course,  cases  where  a  suppressed  zero  is  useful, 
particularly  where  the  data  is  restricted  to  a  small  section  of 
web,  say  between  80  and  100  on  the  vertical  scale  and  the  work 
has  been  done  with  precision,  so  that  the  smaller  details  of  the 
curve  have  some  meaning  other  than  experimental  errors.  If, 
however,  there  is  evidence  of  experimental  errors  of  sufficient 
magnitude  to  prevent  a  smooth  curve  from  passing  through  all 
points,  it  is  then  better  to  return  to  a  full  web.  In  Figure  9  the 
data  points  are  all  between  0.85  and  i.oo  but  to  have  used  an 
enlarged  web  covering  only  this  range  would  have  been  an 
absurdity. 

In  making  tests  for  the  transmissivity  of  glass  there  is  always 
a  correction  for  the  surface  losses  to  be  considered.  If  the 
refractive  index  is  1.52  this  loss  is  0.0427  for  each  face,  or  a 
net  transmission  of  0.916  for  perfectly  clear  glass.  Samples  of 
glass  often  come  in  such  shape  that  they  can  be  tested  only 
through  a  small  thickness  and  the  absorption  is  small.  If  one 
sample  shows  a  net  transmission  of  0.900  and  another  shows 
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0.884,  both  having  an  index  of  1.52,  the  second  absorbs  twice 
the  Hght  of  the  first  and  not  11.6  per  cent  against  10  per  cent 
as  would  be  indicated  if  we  neglected  to  consider  the  influence  of 
the  surface  loss.  These  data,  if  plotted  too  low  on  the  web  by 
some  constant  factor,  say  0.95,  will  indicate  entirely  different 
absorbing  and  heating  qualities,  and  for  some  types  of  service  the 
glass  would  certainly  be  rejected. 

It  is  very  apparent  that  for  this  type  of  curve  the  values  must 
not  only  be  relatively  correct,  but  they  must  also  be  absolutely 
correct  in  the  sense  that  they  be  placed  as  nearly  as  possible  in  the 
correct  position  in  the  web  between  o  and  i  on  the  transmission 
scale. 

DISCUSSION 

Norman  Macbeth  :  It  may  be  that  the  points  covered  by  Mr. 
Ben  ford  have  been  generally  agreed  to  in  other  laboratories,  but 
I  think  that  we  have  a  very  considerable  need  for  a  recognition 
of  standards  in  this  kind  of  work. 

I  have  recently  had  a  great  many  spectrophotometric  curves 
to  compare  with  previous  published  data  and  it  is  almost  impos- 
sible to  get  a  graphic  idea  of  just  what  the  differences  are,  that 
is,  to  find  a  curve  that  a  clear  graphic  representation  of  what  it 
stands  for. 

The  fixing  of  the  color  boundaries  is  an  exceedingly  important 
item,  and  this  new  plot  for  visibility  data  appears  to  me  to  be 
of  more  than  unusual  value.  In  our  radiant  energ}-  distribution 
of  various  sources,  undoubtedly  the  visibility  curve  is  the  curve 
for  consideration,  which  as  it  is  ordinarily  given  is  practically 
without  graphic  significance.  Mr.  Ben  ford's  i)lot  pennits  a  more 
graphic  representation  of  the  distribution. 

There  is  one  other  ix)int  on  which  agreement  should  be  re- 
corded, that  is  in  comparing  various  energy  distribution  curves, 
whether  the  equality  point  shall  be  at  0.55,  0.56  or  0.59  /i.  1 
have  been  interested  in  checking  up  the  radiant  energy  distribu- 
tion of  near-daylight  sources,  and  I  recently  had  occasion  to  re- 
plot  a  curve  from  e(|uality  at  0.59  fi  to  e(|uality  at  0.55  /*.  Ai 
0.59  fi  it  looked  like  a  north  skylight  e(|uivalent  but  when  re- 
plotted  with  e(|uality  at  0.55  /x,  it  practically  dropped  below  the 
i(X)  ])er  cint  line  ;iii(l  became  what  \ni\  would  call  a  sunlii^ht 
e(juivalent. 
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Another  point  of  importance  is  the  suppressed  zero,  and  it  was 
suggested  that  possibly  the  Society  suffered  in  the  report  of  the 
Secretary.  A  good  many  members,  I  understand,  in  the  rear  of 
the  hall  only  saw  the  curve*  and  not  the  scale  values.  The 
curve  showed  a  peak  of  1,500  members  in  19 10  and  in  1919 
dropped  half  way  down  towards  the  base,  apparently  showing  a 
50  per  cent  decrease.  The  base  line  was  at  700,  however,  and  the 
drop  from  1,500  to  1,100  was  more  nearly  25  per  cent.  That  was 
due  to  the  suppressed  zero,  and  I  agree  with  Mr.  Benford  that 
curves  should  be  plotted  to  show  at  a  glance  the  result  secured 
when  the  actual  figures  are  noted  and  weighed. 

F.  E.  Cady  :  In  addition  to  the  points  mentioned  in  the  paper, 
it  might  be  well  to  point  out  for  the  benefit  of  those  not  versed  in 
this  method  of  visualization  that  in  choosing  coordinates,  values 
should  be  chosen  wherever  possible  so  that  the  resultant  curve 
will  have  a  general  direction  approximating  45°  to  the  axes.  If 
the  coordinate  scales  are  such  that  the  curve  is  almost  vertical, 
it  is  obvious  that  any  slight  variations  in  the  ordinate  values  will 
tend  to  be  concealed,  just  as  in  the  case  of  horizontal  values 
referred  to  by  Mr.  Macbeth. 

I  do  not  wish  to  criticize  this  paper,  w^hich  I  consider  a  very 
valuable  summarizing  of  the  desirable  characteristics  of  curves. 
However,  while  the  author  has  laid  considerable  emphasis  on  the 
desirability  of  using  this  special  web  in  which  luminosity  is  taken 
into  consideration,  rather  than  mere  energy,  as  far  as  I  have  been 
able  to  make  out,  the  only  curves  in  which  he  follows  his  recom- 
mendation are  in  the  first  two.  All  of  the  other  curves  seem  to 
be  plotted  on  a  basis  of  equal  energy  ordinates. 

A.  L.  Powell  :  We  are  certainly  particularly  indebted  to  Mr. 
Benford  for  this  exposition  of  the  characteristics  of  spectrophoto- 
metric  curves.  I  frequently  have  occasion  to  explain  to  students 
a  little  bit  regarding  such  curves  and  it  is  indeed  difficult  to  tell 
the  story.  I  do  not  know  of  any  text  book  or  any  place  in  tech- 
nical literature  where  we  can  find  a  clear  explanation  of  the 
various  characteristics  of  the  curves.  I  would  like  to  see  Mr. 
Benford  add  an  appendix  to  his  paper  illustrating  the  four  or  five 
curves  which  are  fundamental  indicating  what  these  show  and 
the  relation  between  them. 

*  See  page  753,  I.  E.  S.  Transactions,  Dec,  1932. 
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A  hasty  survey  indicates  these  to  be  as  follows:  (i)  Trans- 
mission curve  of  absorbing  or  color  modifying  medium.  (2) 
Relative  energy  curves  of  standard  illuminants,  which  are  pretty 
well  established.  (3)  Relative  energy  curve  of  illuminant  fitted 
with  modifying  media  (1x2).  (4)  Sensibility  curve  for  the 
average  eye  (more  or  less  standard).  (5)  Luminosity  curve  of 
the  equipment  (1x2x4).  (6)  Curve  (5)  plotted  to  the  new 
web  proposed  by  Mr.  Benford. 

It  is  always  desirable  to  have  curve  (i)  when  presenting  data 
on  color  filters  and  the  like.  Unfortunately,  many  of  the  labora- 
tories neglect  to  present  this  curve  giving  their  results  in  curve 
(3).  The  latter  being  in  relative  values  alone,  we  cannot  go 
back  to  the  fundamental,  absolute  data  which  is  necessary  in 
transforming  results  to  some  other  of  the  curves.  With  curve 
(i)  available  and  curves  (2)  and  (4)  standardized,  we  can  then 
transform  data  at  will  from  one  form  of  curve  to  another,  depend- 
ing on  the  requirements  of  the  occasion.  We  can  also  plot  curves 
at  any  particular  point  of  equality  say  0.55-0.57  or  0.59  /*  that  may 
be  standardized. 

E.  P.  Hyde  :  Not  only  is  my  auditional  memory  bad,  but  I  find 
that  my  auditional  inteUigence  is  not  good ;  I  have  to  see  a  thing 
to  really  understand  it,  and  unfortunately  since  my  arrival  1  have 
not  had  time  to  read  this  paper  of  Mr.  Benford's,  which  I  wanted 
very  much  to  read  because  it  is  a  subject  in  which  I  am  very  much 
interested. 

But  from  hearing  him  present  it,  I  either  failed  to  get  a  refer- 
ence to  a  point  which  I  think  of  considerable  importance,  or  else 
it  was  not  there,  and  I  will  leave  it  to  him  afterwards  to  say  which 
was  the  case. 

I  refer  to  the  importance  in  many  cases  of  plotting  curves  on 
the  basis  of  equal  luminosity.  By  relative  luminosity,  we  mean 
a  curve  drawn  to  arbitrary  ordinates,  which  represents  the  product 
of  the  visibility  and  the  energ>'. 

In  comparing  several  light  sources,  the  energy  curves  of  which 
we  know,  I  think  we  arc  likely  to  be  misled  if  we  restrict  our- 
selves in  all  cases  to  plotting  them  to  agreement  at  some  definite 
wave  length.  It  seems  to  me  it  is  far  ])referable  in  many  cases 
to  plot  those  curves  on  the  basis  of  ecjual  luminosity  area,  choosing 
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as  the  visibility  curve  some  standard  adopted  by  the  Society. 
There  is  one  illustration  of  how  important  this  may  become  and 
how  it  may  be  overlooked. 

In  determining  the  visibility  curve  of  the  eye,  of  course  it  is 
necessary  to  get  data  on  a  great  many  individuals.  The  problem 
is  how  to  average  those  data  after  you  get  them.  At  one  time  they 
were  simply  all  plotted  to  unity  at  some  chosen  wave  length  and 
averaged  that  way.  That  is  obviously  unfair,  because  if  you  take 
a  man  who  has  a  rather  exaggerated  sensibility  in  the  blue  end 
or  in  the  red  end,  with  the  rest  of  it  normal,  you  are  giving  a 
good  deal  more  weight  to  his  whole  curve  than  you  should  give. 

The  next  step,  historically  was  to  average  these  visibility  curves 
on  the  basis  of  equal  visibility  area,  but  in  my  judgment  that  is 
just  an  erroneous  or  almost  as  erroneous  as  the  other  method 
because  we  are  not  dealing  with  a  uniform  energy  distribution, — 
that  is  an  energy  distribution  in  which  the  energy  intensity  ordi- 
nate is  the  same  at  all  wave  lengths. 

The  real  basis  for  comparison,  according  to  my  notion,  is  this : 
that  each  of  these  observers  should  be  assumed  to  give  the  same 
'flux  values  as  each  of  the  other  observers,  for  the  distribution  of 
energy  which  we  will  accept  as  the  standard  distribution;  and 
in  the  absence  of  any  other,  I  would  suggest  that  at  the  present 
time  we  take  the  energy  distribution  of  a  four- watt  per  candle 
carbon  lamp,  since  that  Is  yet,  so  far  as  I  know,  the  lamp  to  which 
we  ultimately  refer  for  our  unit  of  candlepower.  If  A,  B  and  C 
are  reading  visibilities  with  an  energy  curve  of  that  character, 
their  visibility  curves  may  come,  as  I  said  before,  very  high  in  the 
red  or  high  In  the  blue,  but  if  you  multiply  their  visibility  curves 
by  the  energy  curve  and  reduce  them  all  to  the  same  area,  you 
are  starting  on  the  assumption  that  A,  B,  C  and  D  all  read  a  i6 
candlepower  lamp  as  i6  candlepower.  Then  you  want  to  know 
what  relative  value  they  give  to  the  red  and  the  green  and  the 
blue,  and  it  seems  to  me  that  it  Is  necessary  in  that  particular 
case  to  equate  the  luminosities  of  the  different  individuals  at  this 
particular  energy  distribution  corresponding^  to  our  standard  lamp, 
whatever  it  may  be,  and  average  them. 

That  is  an  illustration  of  the  necessity  of  doing  this  in  one 
particular  case,  and  I  am  incllnded  to  think  that  there  are  many 
cases  where  we  will  get  a  much  more  intelligent  understanding  of 
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the  facts  if  we  plot  our  spectrophometric  data,  I  am  not  referring 
now  to  reflection  or  transmission  but  to  emission  curves,  on  the 
basis  of  equal  luminosities  rather  than  on  the  basis  of  equal 
ordinate  for  energy  at  some  arbitrary  wave  length. 

Louis  Bell  :  I  want  to  reinforce  what  Dr.  Hyde  has  just  been 
saying  regarding  the  combination  of  the  curves  of  various  eyes, 
when  averaged,  to  obtain  the  average  eye. 

One  thing  which  we  very  frequently  forget  in  making  esti- 
mates of  this  kind,  as  Dr.  Hyde  was  just  saying,  is  that  difi^erent 
individuals  not  only  have  different  color  sensibilities  but  different 
total  sensibilities  in  a  very  material  degree.  We  do  not  often 
realize  that  there  are  probably  as  many  people  who  are  plus  sen- 
sibility in  one  sensation  as  people  who  are  minus.  There  are 
minus  red  folk,  so-called  color  blind ;  there  are  also  a  good  many 
plus  red,  and  in  the  same  way  there  are  plus  greens  and  plus 
blues  as  well  as  minus  greens  and  minus  blues  in  their  color 
sensibilities.  It  also  has  turned  out  through  some  of  the  investi- 
gations that  one  man  may  have  all  three  of  his  sensations  slightly 
plus  and  another  all  three  minus,  or  respectively  one  man  have 
two  high  sensations  and  one  low,  and  the  other  two  low  and  one 
high.  Consequently,  in  order  to  obtain  the  average  performance 
of  the  eye  for  the  purposes  which  we  have  just  been  indicating, 
it  is  necessary  to  take  account  of  the  total  sensibility  as  well  as 
the  color  difference  sensibility,  and  to  make  our  average  on  the 
basis  of  that,  and  not  of  variations  from  the  normal  energy  dis- 
tribution spectrum  as  regards  our  sensibilities.  It  is  perhaps 
rather  a  fine  point,  but  one  finds  in  investigating  eyes  for  color 
that  it  is  a  nnich  more  considerable  factor  than  would  naturally 
])v  thought. 

1'.  A.  BeM'Okd:  I  see  Mr.  Cady  rather  suspects  I  do  not  like 
to  take  my  own  medicine.  As  a  matter  of  fact,  I  believe  I  men- 
tioned in  the  pai)er  that  these  curves  were  taken  from  the  files 
of  the  Department,  and  while  I  am  not  quite  certain  of  the  dates. 
I  believe  that  that  special  curve  is,  in  date  of  issue  almost  the  latest 
f)ne  in  tlie  paper,  and  while  w  i'  ha\e  not  adopted  it  as  a  I'e^nlar 
thing  1  hoj)c  that  I  can  j^el  enough  people  to  agree  with  me  to 
adoj)t   it  and  use  it. 

I  am  perfectly  willing  to  take  Mr.  Powell's  suggestion  and 
write  an  ajtjxMidix  to  this,  if  he  thinks  it  is  worth  while. 
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Dr.  Hyde  had  a  happy  word  to  say  when  he  said  he  was  pic- 
ture-minded. I  think  that  most  engineers  are  picture-minded. 
They  can  remember  what  they  see  better  perhaps  than  what  they 
can  hear,  and  if  you  present  a  curve  to  them  and  be  sure  and  get 
the  frame  around  the  curve  right,  they  will  remember  it  properly. 
A  great  deal  depends  on  that  frame. 

The  matter  of  equal  luminosity  is  rather  important  but  there 
is  this  point  about  it :  that  very  often  when  plotting  curves  both 
to  a  unity  point  in  the  middle  of  the  web,  the  curves  will  have 
approximately  equal  luminosity.  In  fact,  I  have  often  used  that 
method  in  hurried  work.  If  you  choose  point  0.59  /x  for  your 
unity  point,  that  would  not  be  so. 

H.  P.  Gagk  (Communicated)  :  A  spectroscopic  study  of  color 
filters  has  been  undertaken  by  Mr.  Benford  and  by  me  indepen- 
dently; in  his  case  the  study  of  light  distribution  from  different 
sources  and  the  light  transmission  of  dyed  color  filters  for  motion 
picture  projection,  in  my  case  the  study  of  colored  glasses  for 
railway  signaling  and  the  fitting  of  a  colored  glass  to  high  tem- 
perature tungsten  light  sources  to  produce  the  same  spectropho- 
tometric  light  distribution  as  natural  daylight.  Our  problems  of 
illustrating  and  comparing  the  energy  distribution  and  the  color 
transmissions  have  been  the  same  but  quite  naturally  some  of 
the  details  have  been  worked  out  differently.  My  remarks  are 
not  offered  as  criticism  of  Mr.  Benford's  work  but  as  a  caution 
that  before  standardizing  on  any  web  for  graphic  representation 
more  complete  agreement  should  be  secured  among  the  different 
observers  as  to  the  best  average  values  to  assign  to  variable  physio- 
logical functions  of  the  eye.  I  refer  to  the  exact  form  to  be 
assigned  to  the  luminosity  curve  and  to  the  wave  lengths  to  be 
chosen  as  the  division  points  between  the  colors. 

For  the  extreme  useful  limits  of  vision  0.42  fi  to  0.68  n  are 
hardly  great  enough  to  include  all  color  effects,  as  for  example 
the  peculiarities  of  cobalt  glass  and  many  green  dyes  are  due  to 
the  transmission  band  in  the  extreme  red  beyond  0.68  fi.  In  my 
work  I  have  generally  used  the  scale  and  made  measurements 
from  0.41  ft  to  0.71  fi,  although  I  sometimes  make  measurements 
as  far  as  0.73  /*. 

Color  Boundaries. — In  illustrative  curves  it  is  useful  to  desig- 
nate the  colors  of  each  part  of  the  spectrum.     In  1909  Dr.  P.  G. 
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Nutting  published  a  "^lethod  for  Constructing^  the  Natural  Scale 
of  Pure  Color,"  (Reprint  No.  Ii8  from  the  Bulletin  of  the  Bureau 
of  Standards,  Vol.  6).  Dr.  Nutting  divides  the  spectrum  into 
twenty-two  colors  equally  spaced  from  its  neighbor.  In  my  work 
I  have  chosen  color  numbers  2,  7,  15,  18  and  20  as  the  division 
points  in  the  spectrum.  Other  observers  in  my  laboratory  agree 
that  there  is  no  very  serious  error  in  using  these  points  but  indi- 
vidual differences  of  opinion  occur.  The  Bureau  of  Standards 
show  on  one  of  their  curve  sheets  division  points  between  the 
colors  the  same  as  Mr.  Benford  uses  except  the  division  between 
violet  and  blue  is  given  as  0.430  fi  instead  of  0.424  fi.  The  divi- 
sion points  are  tabulated  below. 


Benford 

Bureau  of  Standards 
0.430  M 

H.P.  Gage 

0.424  /i 

0.435  M 

0.492  fi 

0.492  fi 

0.490  f^ 

0.575  A* 

0.574  /* 

0.574  M 

0.585  At 

0.585  /* 

0.595   f^ 

0.647  /* 

0.647  ^ 

0.626  M 

Before  rigidly  adopting  any  set  of  division  points  numerous 
observers  should  be  consulted. 

Plotting  transmission  curves  to  illustrate  the  luminosity  of 
different  portions  of  the  spectrum  strikingly  reveals  the  reasons 
for  many  color  effects  which  are  not  apparent  from  the  usual 
transmission  plot.  It  is  not,  however,  sufficient  to  plot  the  curve 
in  which  each  ordinate  is  multiplied  by  the  luminosity  of  that 
portion  of  the  spectrum  or  in  which  the  distances  between  the 
abscissae  are  divided  by  this  luminosity  unless  the  luminosity  is 
calculated  for  the  particular  light  source  used.  The  luminosity 
curves  published  are  for  light  sources  of  equal  energy-  distribution 
and  differ  from  actual  sources.  The  appearance  of  the  usual 
signal  purple  glass  is  vastly  different  with  an  electric  light  source 
than  with  the  kerosene  flame  for  which  it  was  designed.  A 
special  "Electric  I\irj)le"  is  required  for  the  electric  lamp. 
Plotting  the  resulting  hnninosity  curve  of  light  transmitted  by 
these  two  glasses  with  sources  of  1,900°  K.  and  2,375°  K.  readily 
reveals  the  reason.  A  similar  method  of  ])lotting  curves  in  which 
the  luminosity  curves  of  the  indivi(hi;il  color  sensations,  red.  green 
and  blue,  might  be  develoj)ed  bul  I  I'lir  that  sonu-what  prolonged 
study   woiiM   br   rc(|nired   bi-fore  tin-   rcsnlls  could   be   presented 
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as  clearly  and  revealingly  as  by  the  method  of  plotting  resultant 
luminosity  curves  on  which  are  designated  the  colors  of  each  por- 
tion. 

Points  of  equality  for  plotting  light  sources  of  different  colors 
while  usually  chosen  as  0.59  fi  or  0.55  /x  may  for  special  purposes 
be  more  advantageously  taken  at  some  other  point,  as  for  example 
at  0.41  fi  when  calculating  absorbing  glasses  to  change  the  color 
of  a  tungsten  lamp  to  that  of  natural  daylight. 

The  usual  numerical  value  of  transmission  is  required  in  cal- 
culating areas  for  determining  luminosity  of  transmitted  light  and 
similar  factors  but  is  not  so  useful  as  the  logarithm  of  transmis- 
sion variously  designated  as  density,  coefficient  of  extinction, 
transmissive  index,  etc.  This  is  the  one  value  which  is  doubled 
by  doubling  the  thickness  of  the  absorbing  medium  and  involves 
no  calculating  of  odd  exponents  for  different  thickness  as  does 
the  usual  numerical  value. 

The  plotting  according  to  frequencies  or  reciprocal  wave  lengths 
is  useful  in  many  cases  especially  where  relations  between  '*black 
body"  light  sources  at  different  temperatures  are  involved. 

Mr.  Benford's  paper  is  a  valuable  contribution  to  the  art  of 
graphically  illustrating  some  aspects  of  color  which  are  clear  to 
Students  of  the  subject  but  rather  obscure  to  those  unfamiliar 
with  it. 
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HYGIENIC  VALUE  OF  LIGHT  IN  OFFICES* 

BY  A.  B.  EMMONS,  2ND.  ** 


An  office  worker  must  see  in  order  to  do  her  work.  If  she 
sees  perfectly  she  will  do  the  work  without  strain.  Other  condi- 
tions being  equal,  she  will  do  more  work  in  a  given  time  and  she 
will  make  less  errors  than  if  she  sees  with  difficulty  or  dimly. 

As  Director  of  the  Harvard  Mercantile  Health  Work  it  has 
been  my  duty  to  personally  survey  twenty-five  stores  in  six  cities 
including  Cleveland,  Washington,  New  York,  Newark,  Pittsburgh 
and  Boston.  Only  two  of  these  stores  make  routine  eye  examina- 
tions of  applicants.  To  explain  this  extensive  lack  of  intelligent 
health  supervision  it  may  be  said  that  stores  have  lagged  behind 
industry  in  changing  their  conception  that  health,  bad  or  good, 
was  a  personel  matter  not  an  industrial  concern.  They  are  be- 
ginning to  find  that  the  wage  earner  unorganized  and  unaided 
can  neither  afiford  nor  obtain  first  class  medical  care  and  health 
supervision,  and  that  this  failure  is  costly  to  the  worker  and  the 
store. 

One  of  the  chief  objects  of  the  Harvard  Mercantile  Health 
Work  is  to  prove  that  a  store,  which  from  a  health  standpoint  is 
a  group  of  workers,  can  obtain  through  proper  organization  and 
administration  good  health  work,  to  the  groat  advantage  of  the 
workers  and  the  work,  and  at  reasonable  rates,  resulting  in  jirofit 
to  the  enterprise. 

•Abstracted  from  a  paper  prr.scnlcd  at  the   .\nmial   C'oiivciilioii   of   tlu-    IlluminatiiiK 
EnginrcrinR    Society,    Sw.impscott,    Mass.,    Sept.    25-28,    igj2. 

••M.   D.,   Director   Harvard   Mercantile    Health   Work,    Boston,    Mass. 

The    IlluminatinK    KnuinerrinK    Society    is    not    responsible    for    the    statemcnti    or 
opinion!    advanced    by    contrihiitura. 
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The  best  vision  possible  for  each  individual  is  the  goal.  How 
near  is  this  goal  to-day  ?  One  store  w^ith  excellent  health  work  re- 
ports the  examination  of  983  individuals.  Five  hundred  and 
seventy-one  or  58  per  cent  had  normal  vision  without  glasses. 
One  hundred  and  eighty  or  18  per  cent  had  subnormal  vision,  who 
already  wore  glasses.  Two  hundred  and  thirty-two  or  23.6  per 
cent  with  subnormal  vision  not  wearing  glasses. 

The  frequency  of  substandard  vision  is  indicated  by  The  Eye- 
sight Conservation  Council,  (Times  Building,  New  York  City) 
Bulletin  I,  a  part  of  the  Waste  in  Industry  study.  A  number  of 
carefully  recorded  investigations  covering  15,906  workers  show 
from  58  per  cent  to  83  per  cent  had  visual  errors  needing  correc- 
tion. Rejection  in  the  National  Army  for  eye  trouble  is  quoted 
as  21.7  per  cent.  Such  reliable  figures  make  it  obvious  that  it  is 
safest  to  presume  that  a  worker  has  visual  error  needing  correc- 
tion until  proved  otherwise. 

The  best  eye  examinations  to-day  not  only  test  the  vision  at 
20  feet,  but  determine  the  vision  at  and  furnish  glasses  suited  to 
the  actual  working  distance  of  each  worker. 

When  it  is  determined  that  our  workers  have  eyes,  which  can 
see  their  work,  the  next  question  is  how  best  to  light  that  work. 

What  is  the  condition  of  lighting  in  store  offices  ?  Careful  foot- 
candle  readings  have  been  made  only  in  a  few  stores  where  im- 
provements were  planned.  These  will  be  continued  in  other  stores. 
I  give  here  a  personal  estimate  of  the  lighting  of  the  twenty- five 
store  main  offices.  Seven  offices  had  poor  artificial  light,  eleven 
had  fair  artificial  light,  and  seven  had  good  day  light. 

Mr.  Julius  Daniels^  has  presented  to  this  society  a  study  of  de- 
partment store  illumination.  He  does  not  specify  office  read- 
ings in  these  stores.  If  we  assume  that  the  offices  were  no  better 
lighted  than  the  public  selling  spaces,  eight  of  the  twenty-seven 
stores  Mr.  Daniels  visited  had  average  readings  of  at  least  four 
foot-candles,  while  nineteen  had  readings  averaging  below  four 
foot-candles. 

It  is  also  fair  to  assume  that  few  other  stores  have  equally  good 
lighting  with  these  two  groups  of  selected  stores.  It  is  quite 
likely,  therefore,  that  most  store  offices  have  artificial  lighting 
considerably  below  four  foot-candles,  the  minimum  standard  set 

^  Notes  on  Department  Store  Illumination — Trans.  I.   E),   S.,  Vol.  XV,  page  709. 
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by  this  society  which  recommends  the  reasonable  intensities  of 
from  four  to  eight  foot-candles  for  ofHce  lighting. 

We  find,  then,  that  approximately  three  in  every  four  workers 
have  substandard  vision  and  that  about  three  in  every  four  se- 
lected stores  have  insufficient  light  for  good  vision. 

There  are  three  simple  requirements  for  efficient  illumination, 
light  in  sufficient  quantities,  diffusion,  and  elimination  of  glare. 

Experience  leads  to  a  few  practical  suggestions  for  improv- 
ing office  lighting. 

Natural  or  day  light,  if  rightly  used  is  the  best  illumination, 
and  the  cheapest.  Studios,  operating  rooms  and  laboratories  are 
always  planned  to  use  the  northern  light,  preferably  from  a  single 
source.  The  modern  industrial  building  is  planned  to  utilize  this 
principle  by  means  of  the  saw-toothed  roof  with  windows  to 
the  north.  If  store  offices  could  be  placed  on  the  top  floor  of  the 
building  and  the  saw-toothed  roof  used,  the  best  possible  light 
would  be  obtained,  as  well  as  excellent  natural  ventilation,  easily 
controlled. 

When  the  office  has  windows  with  considerable  direct  sun- 
light, this  may  be  utilized  by  installing  French  blinds,  the  slats 
of  which  are  light  colored  and  highly  polished.  The  sunlight 
can  then  be  reflected  upwards  and  inwards  to  the  ceiling  from 
which  it  will  be  diffusely  reflected  downward  to  the  work.  Sun- 
light cut  off  by  shades  is  light  wasted. 

Obstructions  to  light  such  as  file  cases,  partitions,  high  desks 
and  the  workers'  bodies  themselves  were  often  found  to  reduce 
both  natural  and  artificial  light.  The  proper  arrangement  of 
desks  is  such  that  the  light  source  is  over  and  behind  the  left 
shoulder.  Diffuse  light  from  above  is  also  good.  Light  from 
the  right  or  from  in  front  either  casts  a  shadow  or  glares  in  the 
eyes.  This  principle  is  well  illustrated  in  the  Code  of  Lighting 
issued  by  the  Illuminating  Kiigineering  Society. 

The  plane  on  which  the  work  rests  should  be  at  or  nearly  at 
a  right  angle  to  the  source  of  light.  When  the  light  source  is 
directly  over  head  and  the  work  is  filing,  and  therefore  near 
the  vertical,  the  light  is  parallel  to  the  work  instead  of  at  a  right 
anglr.  In  snch  a  case  tlu-  light  on  the  liK-  card  niav  be  less  tlian 
half  that  on  the  toj)  of  this  same  file. 
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The  best  angle  for  a  desk  top  is  a  slope  of  about  three  inches 
in  twenty-four,  similar  to  the  old  ledger  desk  top.  This  brings 
the  working  surface  nearly  at  a  right  angle  to  a  light  source  over 
the  left  shoulder.  It  also  prevents  the  necessity  of  stooping 
over  the  desk. 

A  proper  work  chair^  supporting  the  small  of  the  back  while 
in  the  working  position  helps  much  to  maintain  the  correct  work- 
ing posture. 

Reflected  light  or  glare  from  the  working  surface  of  the  desk 
may  be  much  reduced  by  a  dull  green  linoleum  desk  top. 

Natural  lighting  must  be  considered  in  relation  to  ventila- 
tion. In  cold  weather  a  window  transom  opening  inward  or  a 
ventilator  at  the  inner  side  of  the  sill  sloping  at  an  angle  of  about 
thirty  degrees  from  the  perpendicular  gives  the  best  mechanism 
for  well  controlled  natural  ventilation.  The  mechanism  control- 
ling the  light  must  be  co-ordinated  with  that  of  ventilation. 

When  we  have  learned  to  control  the  humidity  to  the  desir- 
able 35  per  cent  to  40  per  cent  we  shall  have  added  one  more 
important  factor  to  the  comfort  of  the  office  worker. 

One  more  factor  in  clear  seeing  has  frequently  been  found 
lacking.  The  work  is  not  distinct.  Old  faded  cards  and  too 
transparent  paper  and  ink  do  not  have  sufficient  contrast  to  be 
easily  legible.  Too  small  type  or  too  narrow  spacing  make  dif- 
ficult reading. 
Artificial  Lighting 

When  light  must  be  added  to  or  entirely  replace  daylight  we 
enter  the  field  of  endeavor  in  which  this  Society  is  primarily  in- 
terested, namely  artificial  lighting. 

Eye  comfort  at  work  and  good  seeing  conditions  rather  than 
appearance  are  desirable  in  office  lighting.  Ferree  and  Rand  are 
giving  needed  facts  in  regard  to  this  important  element,  eye  com- 
fort. 

Elimination  of  glare,  experience  shows,  is  the  factor  above 
all  others,  to  give  eye  comfort.  To  obtain  sufficient  light,  a 
minimum  of  five  foot-candles  well  diffused  with  the  least  pos- 
sible glare  is  desirable.  The  totally  indirect  lighting,  where  con- 
ditions are  suitable,  best  fulfil  these  requirements.  Semi-indirect 
is  often   satisfactory. 

•  The  Work  Chair,  by  A.  B.  Emmons,  2nd,  M.  D.  and  Joel  E.  Goldthwait,  M.  D., 
Journal  of  Industrial  Hygiene,   Sept.,   1921. 
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The  foot-candle  meter  is,  perhaps,  the  best  educator  in  good 
lighting.  It  may  be  used  by  anyone  quite  satisfactorily  and  with 
reasonable  accuracy.  The  lighting  facts  are  evident  at  once. 
There  is  no  difference  of  opinion. 

The  office  manager  who  measures  his  light  with  the  foot-candle 
meter  will  immediately  seek  a  reasonable  standard  with  which 
to  compare  his  own  lighting.  This  standard  he  will  find  in  the 
"American  Standard,  Code  of  Lighting"  and  publications  of  re- 
putable manufacturers  of  lighting  equipment.  Failure  to  main- 
tain the  equipment,  especially  to  replace  old  and  dim  lamps  is 
a  common  cause  of  poor  lighting  in  store  offices. 

A  record  system  checked  by  foot-candle  readings  at  regular 
intervals  is  the  only  way  to  insure  continued  good  lighting. 
Summary 

The  office  manager,  responsible  both  for  production  and  the 
producer,  needs  a  simple  practical  statement  of  the  factors  in- 
volved in  seeing.  He  should  realize  that  approximately  three  in 
every  four  working  people  have  substandard  vision  needing  cor- 
rection, and  three  in  every  four  store  offices  have  substandard 
lighting. 

To  get  the  facts  about  his  own  office  he  should  arrange  for 
eye  examinations  by  an  opthalmologist  who  should  be  informed 
of  the  type  of  work  of  each  individual  examined.  One  indus- 
trial firm  figured  the  increased  production  more  than  paid  the 
cost  of  these  examinations.  The  copy  should  be  easily  read.  He 
should  take  foot-candle  readings  of  actual  working  conditions 
comparing  these  with   the   standard   codes. 

To  improve  lighting  he  should  consider  more  daylight,  removal 
of  ()l)structions,  proper  placing  of  desks,  files,  and  machines,  and 
better  artificial  lighting. 

Totally  indirect  light  T  believe  gives  the  greatest  eye  com- 
fort, diffusion  and  least  shadows.  Semi-indirect  comes  next  in 
meeting  tlu-  needs.  His  lighting  will  degenerate  and  his  plans 
fail  unless  he  establishes  nn  oflFoctive  maintenance  system  checked 
by  foot-candle  readings. 

Such  iin])r()\  enienis  in  seeing  not  only  result  in  improved  and 
increased  work  of  the  ofliee   force  but   in  a  higher  morale. 
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In  discussing  this  contribution  the  following  facts  were  men- 
tioned :  Mr.  L.  B.  Marks  suggested  that  the  problem  should  not 
be  handled  alone  by  the  hygienist,  the  views  and  experience  of  the 
illuminating  engineer  should  be  carefully  considered  in  its  solu- 
tion, indirect  lighting  is  not  always  the  best  type  for  tlie  office  as 
sometimes  its  installation  produces  poor  results. 

The  opinion  was  expressed  by  Mr.  G.  H.  Stickney  that  co-oper- 
ation should  be  encouraged  between  the  physician  and  the  illu- 
minating engineer  in  securing  wdder  use  of  good  lighting.  The 
difficulty  in  reading  faded  print  or  typed  matter  on  thin  paper  can 
be  avoided  by  the  use  of  higher  intensities.  Glare  can  be  mini- 
mized by  using  skill  in  planning  various  types  of  illumination. 
Indirect  lighting  is  used  to  good  advantage  in  offices  as  well  as 
direct  and  semi-indirect,  the  choice  depending  upon  local  condi- 
tions. It  is  a  difficult  matter  to  define  glare  with  any  degree  of 
exactness,  and  problems  involving  glare  have  to  be  handled  rather 
empirically,  on  the  basis  of  individual  judgment  and  experience. 
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SECTION  ACTIVITIES 


NEW  YORK  Meeting— December  14,  1922 

The  New  York  Section  met  at  the  Engineering  Societies  Building  on 
December  14  to  hear  a  paper,  "The  Development  of  Period  Styles  in 
Liiminaires"  presented  by  Mr.  J.  W.  Gosling  of  the  Illummating  Engineer- 
ing Laboratory  of  the  General  Electric  Co.  of  Schenectady,  N.  Y.  Mr. 
Gosling  illustrated  his  talk  by  means  of  crayon  sketches  and  his  presen- 
tation proved  to  be  very  interesting.  There  were  present  about  one  hun- 
dren  members  and  guests  and  owing  to  the  length  of  the  paper  no  dis- 
cussion was  held. 
NEW  ENGLAND  Meeting— December  6,  1922 

The  first  meeting  of  the  year  was  held  on  December  6,  at  which  time 
Professor  A.  G.  Webster  of  Clark  University,  Worcester,  Mass.,  gave  a 
paper,  "Let  there  be  Light"  which  was  accompanied  by  lantern  slides. 
The  section  met  at  the  Industrial  Lighting  Bureau,  which  is  located  in 
the  Rogers  Building.  After  the  discussion  of  the  paper,  a  buffet  lunch 
was  serv^ed ;  about  fifty  members  and  guests  were  present. 
CHICAGO  Meeting— December  15,  1922 

At  the  meeting  of  the  Chicago  Section  held  in  the  rooms  of  the 
Western  Society  of  Engineers  on  the  evening  of  December  15,  Professor 
A.  M.  Wilson  of  the  University  of  Cincinnati,  Cincinnati,  O.,  spoke  on  the 
topic,  "Correct  School  Illumination  and  its  Relation  to  the  Health  and 
General  Welfare  of  the  American  Youth."  Afembers  of  various  Boards 
of  Education  in  Chicago  and  surrounding  towns  were  invited  to  attend. 
PHILADELPHIA  Meeting— December  12,  1922 

A  joint  meeting  of  the  Philadelphia  Section  with  the  Fixture  Manu- 
facturers' Association  and  the  Fixtures  Dealers'  Association  was  held  on 
December  12  at  the  Engineers'  Club.  Mr.  M.  Luckiesh  of  the  National 
Lamp  Works  of  Cleveland,  O.,  presented  a  paper,  "The  Design  and  Instal- 
lation of  Luminaires"  which  was  based  upon  the  "Tentative  Code  of 
Luminaire  Design"  which  was  printed  in  the  December  Transactions. 
There  was  a  general  discussion  of  the  paper.  Thirty-two  members  and 
guests  were  present  at  the  meeting. 
TORONTO  Meeting— November  20,  1922 

The  papers  presented  at  the  last  I.  E.  S.  Convention  in  Swampscott, 
Mass.,  were  the  topics  of  the  meeting  of  the  Toronto  Chapter  on  the 
evening  of  November  20,  at  the  llnivcrsity  of  Toronto.  Mr.  W.  TI.  Woods 
gave  an  interesting  resum6  of  the  papers,  and  Mr.  Watson  Kintncr,  of 
Hamilton,  Ont.,  led  an  interesting  discussion  of  the  Convention  papers,  in 
whirli  many  of  tlu)S('  present  participated.  .■\l)out  t\venty-(Mie  nicinbcrs 
and  guests  were  in  attendance. 
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Meeting — December  8,  1922 

A  joint  meeting  with  the  Toronto  Chapter  of  the  A.  I.  E.  E.  was 
held  on  the  evening  of  December  8,  at  University  of  Toronto,  Mr.  Arthur 
J.  Sweet,  of  Milwaukee,  Wis.,  presented  a  paper,  "Street  Lighting." 
There  were  one  hundred  and  fifty  members  and  guests  present. 

COUNCIL  NOTES 


ITEMS   OF   INTEREST 


At  the  meeting  of  the  Council  on  December  14,   1922,  the  following 
were  elected  to  membership : 

Three  Members 

Field,  Oscar  S.,  Hall  Switch  and  Signal  Co.,  Garwood,  N.  J. 

GoDi,EY,  Charles  E.,  Edmunds  &  Jones  Corp.,  4440  Sawton  Ave.,  Detroit, 

Mich. 
O'Meara,  Thomas  J.,  Hall  Switch  and  Signal  Co.,  Garwood,  N.  J. 

Sixteen  Associate  Members 

Beals,  Gielson  W.,  Ivanhoe-Regent  Works  of  G.  E.  Co.,  5716  Euclid  Ave., 

Cleveland,  Ohio. 
BiRGE,  Nathan  R.,  General  Electric  Co.,  Schenectady,  N.  Y. 
Duncan,  Frederick  B.,  Duplex  Lighting  Works  of  G.  E.  Co.,  6  West  48th 

St.,  New  York,  N.  Y. 
FiSKE,  John  M.,  Montana  State  College,  Bozeman,  Mont, 
Horner,  Jr.,  Merritt,  Edison  Lamp  Works  of  G.  E.  Co.,  Harrison,  N.  J. 
Kelcey,  George   G.,  American  Gas   Accumulator   Co.,  999   Newark  Ave., 

Elizabeth,  N.  J. 
Kileeen,  John  F.,  Mitchell-Vance  Co.,  505  West  24th  St.,  New  York,  N.  Y. 
Leigheey,  Harry  M.,  Public  Service  Corp.,  80  Park  Place,  Newark,  N.  J. 
McGeynn,  James  J.,  Lit  Brothers,  8th  and  Market  Sts.,  Philadelphia,  Pa. 
McNair,  Grayson  B.,  Westinghouse  Elec.  and  Mfg.  Co.,  1062  Gas  and 

Elec.  Bldg.,  Denver,  Col. 
Morrison,  William  G.,  Edison  Lamp  Works  of  G.  E.  Co.,  Harrison,  N.  J. 
Smith,  Elmer  A.,  Warren  &  Wetmore,  16  East  48th  St.,  New  York,  N.  Y. 
Teberg,  Ernest  J.,  Public  Service  Co.,  of  Northern  Illinois,  72  W.  Adams 

St.,  Chicago,  111. 
Tilden,  Earl  A.,  Westinghouse  Elec.  and  Mfg.  Co.,  40  Clinton  St.,  Newark, 

N.J. 
Van  Fleet,  George  Lee,  Greene  Electric  Light  and  Power  Co.,  Greene, 

Iowa. 
Vassar,  Hervey  S.,  Public   Service  Electric  Co.,   102  River   St.,   Newark, 

N.J. 
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Fourteen  Sustaining  Members 

C0NS01.IDATED  Electric  Lamp  Co.,  Danvers,  Mass. 

Frank  W".  Marsh,  Official  Representative. 
FiTCHBURG  Gas  &  Electric  Light  Co.,  537  Main  St.,  Fitchburg,  Mass. 

Frank  S.  Clifford,  Official  Representative. 
Hartford  Electric  Light  Co.,  266  Pearl  St.,  Hartford,  Conn. 

W.  D.  Gorman,  Official  Representative. 
Lynn  Gas  &  Electric  Co.,  90  Exchange  St.,  Lynn,  Mass. 

H.  K,  Morrison,  Official  Representative. 

Malden  Electric  Co.,  139  Pleasant  St.,  Maiden,  Mass. 
J.  V.  Day,  Official  Representative. 

Malden  &  Melrose  Gas  Light  Co..  137  Pleasant  St.,  Maiden,  Alass. 
Harry  Walton,  Official  Representative. 

MoNTPELiER  &  Barre   Light  &   PowER   Co.,  20  Langdon   St.,   Montpelier, 

Vermont. 

C.  J.  Cookson,  Official  Representative, 
New  England  Power  Co.,  35  Harvard  St.,  Worcester,  Mass. 

Hugo  Rocktaschel,  Official  Representative. 

Salem  Electric  Lighting  Co.,  205  Washington  St.,  Salem,  Mass. 
S.  Fred.  Smith,  Official  Representative. 

Charles  H.  Tenney  &  Co.,  201  Devonshire  St.,  Boston,  Mass. 

Cyrus  Barnes,  Official  Representative. 
Union  Light  &  Power  Co.,  Franklin,  Mass. 

E.  S.  Hamblen,  Official  Representative, 

Wetm ore- Savage  Co.,  78  Pearl  St.,  Boston,  Mass. 

R.  M.  Topham,  Official  Representative. 
Worcester  Eli-ctkic  Light  Co.,  ii  Foster  St.,  Worcester,  Mass. 

F.  H.  Smith,  Official  Representative. 
Worcester  Suburban  Electric  Co.,  Palmer,  Mass. 

H.   ^L  Parsons,  Official   Representative. 


The  General    Secretary  reported  the  tieath  of  one  associate  member, 
C.  W.  Waggonkk,  Univ.  of  West  Virginia,  Morgantown,  W.  \^a. 


CONFIRMATION  OF  APPOINTMENTS 

Thr  appointments  of  the  following  comniilttc  nKMnl)crs  and  represen- 
tatives were  confirnicd  : 

As  Members  of  the  Committee   on   MemJu-rship — W.    E.   Clement,    H.   G. 
Smith,  and  H.  H.  Smith. 

As    Member    of    the    Committee    on     Xonirn.loture    and    Standards— }*{. 
Luckie.sh. 
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As  Member  of  the  Committee  on  Lighting  Legislation — E.  Y.  Davidson,  Jr. 

As  Member  of  the  Committee  on  Lecture  Courses — G.  H.  Stickney. 

As  Member  of  the  Committee  on  Research — Thomas  Scofield. 

As  Members  of  the  Committee  to  Co-operate  with  U.  S.  National  Com- 
mittee of  the  International  Commission  on  Illumination  to  Arrange  a 
Meeting  in  1924 — G.  H.  Stickney,  Cliairman;  Louis  Bell,  Clarence  h. 
Law,  A.  S.  McAllister,  W.  J.  Serrill. 

As  Representatives  at  ig22  Boston  Meeting  of  A.  A.  A.  S. — Louis  Bell 
and  Charles  F.  Scott. 

As  Members  of  the  Committee  on  Sustaining  Members  and  Advertising — 
H.  F.  Wallace,  Chairman;  R.  B.  Burton,  H.  Calvert,  E.  Y.  Davidson, 
Jr.,  W.  M.  Goodrich,  F.  T.  Groome,  R.  S.  Prussia,  J.  L.  Wolf. 

As  Members  of  the  Committee  on  /.  B.  S.  Exhibit  at  Fixture  Market, 
January  15-20,  1923,  Cleveland,  Ohio — E.  Y.  Davidson,  Jr.,  E.  D. 
Story,  W.  Sturrock,  A.  S.  Turner. 

NEWS  ITEMS 


BULLETIN  OF  THE  COMMITTEE  ON  LIGHTING  LEGISLATION 

Oklahoma  Industrial  Lighting  Code 

Oklahoma  is  the  eighth  state  in  the  union  to  put  into  effect  an  in- 
dustrial lighting  code  based  upon  the  I.  E.  S.  Code.  The  other  states 
are  Pennsylvania,  New  Jersey,  New  York,  Wisconsin,  Oregon,  California, 
Ohio.  The  adoption  of  a  code  is  now  being  considered  in  several  other 
states. 

The  Oklahoma  code  became  effective  July  i,  1922.  It  is  issued  as 
Bulletin  No.  3  of  the  Department  of  Labor  and  its  title  page  bears  the 
heading  "Industrial  Code  Rules  Relating  to  Lighting  of  Factories  and 
Mercantile  Establishments,  Based  on  the  Illuminating  Engineering  Society's 
Lighting  Code  (American  Standard)."  The  Oklahoma  code  rules  and 
notes  and  recommendations  follow  closely  the  lines  laid  down  in  the  New 
York  State  Code,  the  details  of  which  have  been  published  in  the  Trans- 
actions. 
Enforcement  of  New  York  State  Industrial  Lighting  Code 

Mr.  James  L.  Gernon,  Director,  Bureau  of  Inspection,  Department  of 
Labor,  New  York  State,  has  submitted  the  following  statistics  relating  to 
the  violations  of  the  lighting  code  rules  and  the  compliances  with  orders 
issued  by  the  Inspection  Department. 

The  Inspection  Department  reports  cordial  co-operation  of  factory 
owners  in  most  cases.  During  the  past  two  years  the  attention  of  the 
Department  has  been  directed  principally  to  the  correction  of  flagrant 
cases  of  glare  from  bare  or  from  inadequately  shaded  lamps.  Plans  are 
now  on  foot  looking  to  the  enforcement  of  the  rule  relating  to  minimum 
permissible  intensities  for  detailed  industrial  operations  and  processes. 
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N.  Y.  STATE  INDUSTRIAL  CODE 
Fiscal  Year,  July  1,  1921 -July  1,  1922. 

The  following  orders  were  issued  and  compliances  obtained : 

Factories 


Eyesight  protection 
glare 

Orders  issued 
Compliances   secured 
Pending 

Orders  issued 
Compliances  secured 
Pending 


3,543 
3,416 

127 
Mercantile  Establishments 

94 

65 


To  prevent  accidents 
Proper  placement 
Sufficient  light 

488 
440 

85 

51 


29 


34 


Total,  4,210  orders  issued  concerning  lighting,  with  3.972  compliances 
obtained  or  94.3  per  cent  of  the  orders  complied  with,  leaving  but  238 
uncomplied  lighting  orders. 

For  the  preceding  fiscal  year,  July  i,  1920,  to  July  i,  1921.  the  fol- 
lowing is  the  record : 


Fiscal  Year,  1920-1921 

Factories 

Evesight  protection 

Orders  issued 
Compliances  obtained 

9.9<^>9 
9.302 

Pending 

667 

Orders  issued 
Compliances  obtained 

M 

crcantilr   Establishmcn 
I/O 

170 

T'cnding 

0 

To  prevent  nccidenta 
1,009 
933 
~76~ 


144 
loS 

"36" 


Total,  11,292  orders  issued  with  10.513  compliances  obtaimnl.  or  93.1 
per  cent  of  the  ordirs  complied,  having  779  uncomplied  orders  at  the 
end  of  this  fiscal  year,  which  were,  however,  complied  with  durinvi  the 
fiscal  year  succeeding. 
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Revision  of  Code  of  Lighting  School  Buildings 

The  School  Lighting  Code  issued  in  1918  is  being  revised  by  the 
Committee.  The  following  Sub-Committee  on  revision  was  appointed : 
M.  Luckiesh,  Chairman;  H.  B.  Dates,  E.  Y.  Davidson,  Jr.,  W.  J.  Serrill, 
G.  H.  Stickney.  The  Council  has  authorized  the  Committee  to  carry  out 
the  revision  under  the  auspices  of  the  American  Engineering  Standards 
Committee,  with  the  Illuminating  Engineering  Society,  the  American  In- 
stitute of  Architects,  and  the  National  Education  Association  acting  as 
joint  sponsors.  Arrangements  for  final  revision  have  not  yet  been  con- 
summated. 

Co-operating  Members  of  the  Committee 

The  following  gentlemen,  mostly  non-members  of  the  Society,  have  ac- 
cepted the  invitation  of  the  Committee  to  co-operate  in  activities  relating 
to  the  industrial  lighting  code  and  the  school  lighting  code.  The  co- 
operating members  will  not  be  called  upon  to  attend  regular  meetings  but 
will  give  the  Committee  the  benefit  of  their  suggestions  and  criticisms 
chiefly  by  correspondence.  The  Co-operating  Members  are :  S.  K. 
Barrett,  N.  Y.  University ;  Lewis  T.  Bryant,  N.  J.  State  Dept.  of  Labor ; 
C.  B.  Connelley,  Penna,  State  Dept.  of  Labor  and  Industries ;  Frank  I. 
Cooper,  Architect,  Boston,  Mass. ;  J.  C.  Cronin,  Penna.  State  Dept.  of 
Labor  and  Industries ;  Thomas  C.  Eipper,  N.  Y.  State  Dept.  of  Labor ; 
Jas.  L.  Gernon,  N.  Y.  State  Dept.  of  Labor;  C.  H.  Gram,  Oregon  Bureau 
of  Labor;  H.  H.  Higbie,  University  of  Michigan;  Wm.  A.  Howe,  N.  Y. 
State  Dept.  of  Education;  G.  E.  Kimball,  Calif.  Industrial  Accident  Com- 
mission ;  C.  I.  Shirley,  Board  of  Education,  Newark,  N.  J. ;  C.  B.  J. 
Snyder,  Architect,  Board  of  Education,  N.  Y.  C. ;  Ethelbert  Stewart, 
U.  S.  Commissioner  of  Labor  Statistics ;  E.  L.  Sweetser,  Mass.  Dept.  of 
Labor  and  Industries ;  F.  H.  Wood,  N.  Y.  State  Dept.  of  Education. 


MEASURING  LIGHT 

The  Bureau  of  Standards  at  Washington  has  issued  Scientific  Paper 
No.  447,  describing  a  large  sphere  built  at  that  Bureau  and  giving  a  com- 
plete explanation  of  the  theory  of  spheres  as  light  measurers  and  of  the 
precautions  which  must  be  taken  in  order  not  to  make  mistakes  when  using 
them.  The  particular  sphere  described  is  88  inches  in  diameter  and 
weighs  about  a  ton,  but  for  different  purposes  spheres  from  3  inches  to  10 
feet  in  diameter  have  been  used.  Some  of  these,  for  example,  are  made 
as  attachments  for  pocket  size  "Illuminometers"'  and  are  carried  about 
to  measure  the  reflections  from  walls  and  ceilings  and  from  samples  of 
paper,  paint,  and  other  materials,  while  modified  forms  on  a  large  scale 
have  been  used  to  catch  the  beams  from  full-sized  army  searchlights  and 
measure  the  light  in  them. 


CLEVELAND  TO  HAVE  THE  1923  LIGHTING  FIXTURE  MARKET 

The  Fourth  Annual  Lighting  Fixture  Market  of  the  Associated  Light- 
ing Industries,  which  consists  of  the  National  Council  of  Lighting  Fixture 
Manufacturers,  the   Illuminating  Glassware  Guild  and  the   Lighting  Fix- 
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ture  Dealers  Society  of  America,  is  to  be  held  in  Cleveland  from  January 
15  to  20,  1923. 

The  program  of  the  convention  will  be  devoted  exclusively  to  educa- 
tional work  which  should  prove  extremely  interesting  and  instructive. 
Among  the  special  features  will  be  a  practical  demonstration  of  selling 
to  retail  customers,  which  should  give  to  the  dealers  and  their  salesmen 
majiy  new  and  effective  selling  arguments.  It  has  been  decided  to  con- 
fine this  meeting  solely  to  lighting  fixture  dealers  and  manufacturers,  be- 
cause it  is  felt  that  by  so  doing  each  one  present  will  secure  a  better 
understanding  of  how  to  promote  his  own  business,  as  well  as  to  gain  a 
closer  feeling  of  co-operation  and  unity  in  the  industry. 


I.  E.  S.  EXHIBIT  AT  CLEVELAND 

At  the  invitation  of  the  Illuminating  Glassware  Guild,  the  I.  E.  S.  will 
display  an  educational  exhibit  at  the  Winton  Hotel.  The  Council  at  its 
last  meeting  appointed  a  committee  consisting  of  Messrs.  Davidson,  Story, 
Sturrock  and  Turner  to  arrange  the  details. 


ADVISORY   BOARD   ON  ILLUMINATING   ENGINEERING   RESEARCH 

Pursuant  to  discussion  and  presentation  of  a  paper  delivered  by  Dr. 
Edward  P.  Hyde  at  the  last  meeting  of  the  Di\nsion  of  Engineering, 
National  Research  Coimcil,  held  December  5,  1922,  indicating  the  impor- 
tance of  a  study  in  "Relation  of  Quality  and  Quantity  of  Illumination  to 
Efficiency  in  the  Industries,"  it  was  voted  at  that  meeting  that  the  Division 
appoint  the  Research  Committee  of  the  Illuminating  Engineering  Society 
its  Advisory  Board  on  Illuminating  Engineering  Research. 

The  Division  has  in  each  broad  field  of  engineering  an  advisory  board. 
Meetings  are  not  held  frequently.  From  time  to  time  it  is  found  con- 
venient to  call  upon  these  members  for  advice  in  connection  with  certain 
problems. 


STREET  LIGHTING  DEVELOPMENTS 

Talking  recently  before  the  Convention  of  the  American  Society  for 
Municipal  Improvements,  on  the  subject  "Modern  Ro<|iiirenuMits  in  Street 
Lighting,"  Mr.  Thomas  \V.  Rolph  managing  engineer,  Street  Lighting 
Department,  Holophane  Glass  Company,  discussed  the  influences  that  neces- 
sitated better  and  hij^her  standards  of  street  lighting  in  our  cities  to-day. 
The  two  factors  on  which  he  dealt  particularly  were,  first,  the  tremendously 
>vide  application  of  the  automobile  to  modern  civiliz.ition  and.  second,  the 
influence  of  the  moving  picture  industry. 

Lighting  c(|uipment  and  incandescent  lamp  jnanufacturers  have  kept 
pace  with  the  expansion  that  has  constantly  demanded  better  equipment 
both   from  the  standpoint  of  utility  and  design.     More  satisfactory  street 
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lighting-  has  been  retarded,  however,  because  municipalities  have  not  pos- 
sessed the  funds  necessary  to  undertake  to  any  appreciable  extent  lighting 
improvement  work. 

Mr.  Rolph  also  spoke  on  the  comparative  efficiencies  and  merits  of 
porcelain  enameled  reflectors,  diffusing  glassware  and  prismatic  refractors 
for  street  lighting  installations,  and  told  of  experiments  conducted  to 
ascertain  proper  mounting  heights  and  spacings. 

Mr.  Earl  A.  Anderson,  Engineering  Department,  Nela  Park,  told  of 
the  numerous  developments,  such  as  the  new  2,500-candlepower  gas-filled 
lamp ;  the  gradual  replacement  of  the  overhead  wooden-pole  mast-arm  type 
by  poles  and  equipment  of  beauty  and  greater  efficiency ;  the  tendency 
toward  undergroimd  circuits,  as  well  as  citing  the  progress  made  in  street 
lighting  in  several  American  cities  within  the  past  year. 

One  interesting  highlight  touched  upon  in  Mr.  Anderson's  talk  was 
the  relation  of  better  lighting  to  accident  and  crime  prevention.  He  pointed 
out  that  the  annual  loss  in  dollars  and  cents  directly  chargeable  to  inade- 
quate city  street  lighting  was  more  than  the  total  annual  expenditure 
mada  for  street  lighting  in  the  country. 


A  MILLION  PEOPLE  HAVE  VISITED  ELECTRIC  HOMES  IN  1922 

Recent  returns  indicate  that  over  a  million  people  have  learned  some- 
thing more  about  electricity  and  good  illumination  in  the  home  during 
the  past  year.  Over  sixty-one  electric  homes  have  been  exhibited  to  the 
public,  with  attendance  figures  varying  from  6,5CX)  to  37,000  people  per 
home,  or  an  average  of  20,000  visitors. 

Recently  in  Cleveland,  O.,  the  fifth  electric  home  of  that  city  closed 
its  doors  after  a  most  successful  demonstration. 

It  is  evident  that  the  achievements  of  the  Electric  Home  movement 
have  been  most  noteworthy,  and  are  deserving  of  the  support  of  every 
one  interested  in  better  illumination  of  the  home. 


PROFESSIONAL  OPPORTUNITIES 

Assistant  Sales  Manager:  A  man  from  twenty-five  to  thirt>'-five 
who  is  familiar  with  illuminating  engineering  and  who  feels  qualified  to 
act  as  assistant  sales  manager  in  a  growing  concern.  R-i 

Electrical  Engineer  :  Young  graduate  engineer  to  specialize  in  test- 
ing of  incandescent  lamps.  L-i 

Laboratory  Test  and  Research  Men  :  Several  positions  open  for 
young  technical  graduates.  Men  must  be  willing  to  travel.  Write  stat- 
ing training,  experience,  etc.  T-i 


ILLUMINATION  INDEX 

Prepared  by  the  Committee  on  Progress. 


An  INDEX  of  references  to  books,  papers,  editorials,  news  and  abstracts  on 
illuminating  engineering  and  allied  subjects.  This  index  is  arranged  alphabetically 
according  to  the  names  of  the  reference  publications.  The  references  are  then  given 
in  order  of  the  date  of  publication.  Important  references  not  appearing  hereiu 
should  be  called  to  the  attention  of  the  Illuminating  Engineering  Society,  29  W. 
39th  St.,  New  York,  N.  Y. 


American  Gas  Journal 

Gas  Lighting  Versus  Electricity — 
Analyst 

The  Application  of  Artificial  Daylight 

to  Laboratory  Purposes — 
The  Use  of  the  Daylight  Lamp  in  Volu- 
metric and  Colorimetric  Analysis — 
L'Annee  Psychologique 

Les    sensations    visuelles    elementaires 

autour  de  la  tache  aveugle — 
Nouvelles   recherches   sur   I'analyse   du 

temps  de  latence  sensorielle  et  sur 

la  loi  qui  relie  ce  temps  a  L'intensite 

d'excitation — 
Biochemische  Zeitschrift 

Uber  den  Einfluss  der  Temperatur  auf 

die     Chlorophyllzersetzung     durch 

das  Licht — 
Die   Werkung  des   kunstlichen   Lichtes 

auf  die  alveolare  Kohlensuarespan- 

nnng — 
Bulletin   de  la   vSociete  Francaise   des  Elec- 
triciens 

Sur    Ics    conditions    imposccs    pour    la 

fourniture  des  lanipcs  a   incandcs- 

ci-ncc  (juant  a  Icurs  caractcristiqucs 

lumincuscs  ct  clcctriqucs — 
Central  Station 

AiTioniit  of  LiRJit  for  Rooms — 
Comptcs  Rcndus 

l)c  la  proli.ibilitc  dV-claircr  un  avion  a 

I'aidc   d'un    faisccau    dc*   projcctcur 

cU-ctrifiuo — 


AUTHOR 

DATE 

PAGE 

Nov. 

18 

593 

S.  H.  Groom 

Oct. 

419 

Wm.  Singleton 

Oct. 

424 

M.  Foucault 

1020-: 

21 

I 

M.   H.   Pieron 


L.  A.  Iwanoff 


Stefan  Edcrcr 


M.  G.  Pionnicr 
Newton  Harrison 

J.  K^-y 


1920-21 


58 


July    29  140 

Oct.  0  103 


.\uii.-Sept.- 
Oct.  460 

Nov.  141 


Sept.  iH         466 


107 


io8 
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De  la  pro1)abilite  d'eclairer  un  avion  a 
I'aide  d'un  faisceau  de  projecteur 
electrique  balayant  le  ciel — 

Photometric  de  sources  lumineuses  con- 
stituees  par  des  corps  noirs  a  des 
temperatures  differentes — 

Electrical  News 

Lighting  of  Steel  Mills — 

Electrical  Review 

Estimates    for    Lighting   Installations — 

Electrical  World 

The  Problem  of  Glare  and  Its  Need  for 

Investigation — 
Daylight  Variations  and  Effect  on  Elec- 
tric Lighting  Demand — 
Ornamental    Street    Lighting   in    Lima, 
Ohio- 
Electrician 

Street  Lighting  and  Enterprise — 

L'Electricien 

Les  principaux  systemes  d'eclairage 
electrique  des  trains — 

Elektrotechnik  und  Maschinenbau 

Ober  die  Abhangigkeit  der  Lichtstarke 
der  Hefnerlampe  vom  Luftdrucke — 

Elektrotechnischer  Anzeiger 

Ein  optisch-elektrisches  Pyrometer  fiir 
Anschluss  an  Starkstrom — 

Engineering  Progress 

Lighting  in  Berlin  Factory — 

Gas  Age-Record 

The  Element  of  Chance  in  Research — 

Gas  Journal 

Inverted   Lighting  for  Educational  In- 
stitutions— 
Dust  Proof  Lamps  (Gas)  — 
Light  and  Life — 


J.  Rey 


Oct    9 


M,  Bougrier 


A.  Boltzmann  and 
A.  Bausch 


Nov.  3 


Oct.  15 


Sir  Henry  Gau- 
vain 


Oct.  29 

Oct.  18 
Oct. 
Oct.  21 


Oct.  18 
Oct.  25 

Oct.  25 


580 


M.  Vuillaume  and 

A.  Boutaric 

Oct.  23 

688 

Nov.   15 

36 

Major  J.   C.   Con- 

nan 

Nov.  3 

620 

Nov. 

II 

1030 

Nov. 

II 
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Nov. 

II 

1050 

501 


457 


511 


13^3 


227 


544 


176 
226 
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Helios 

Die   Glimmlampe*— 
Neue  Beleuchtungskorper* — 
Hotel  Management 

Lighting  Public  Rooms  Effectively — 
Industrial  Engineer 

Some  Examples  of  Lighting  in  Wood- 
working Plants — 
Journal  of  the  American  Institute  of  Elec- 
trical Engineers 

Safety  Devices  on  Electric  Mine  Lamps 
Journal  of  the  Franklin  Institute 

Theory    of    End-loss    Corrections    and 
Its   Application   to   Uniform,   Elec- 
trically Heated  Tungsten  Filaments 
in  Vacuo — 
Journal  of  the  Optical  Society 

The  Study  of  Visual  Processes  by 
Means  of  Momentary  Retinal 
Shadows — 
A  Comparison  of  the  Fechner  and 
Munsell  Scales  of  Luminous  Sensa- 
tion Value — 
Lighting  Fixtures  and  Lighting 

Example   of   Flemish   Colonial   Lumin- 

aires — 
Special    Lighting   Needs    Met    in    New 
Poughkccpsie   Hospital — 
Mer.  Record  and  Show  Display 

Color  and  Its  Application  for  Display 
Lighting— 
N.  E.  L.  A.  Bulletin 

More  liusincss  through  Better  Lighting 
National  Glass  Budget 

Lighting  in  Movies — 
Physikalische  Berichte 

F.iii    Lichtliltcr    zur    Untcrsuchung    im 
rotfrcicn   Lichtc — 
Proceedings  of  the  Royal  Society — A 

The  Molecular  Scattering  of  Light  in 
Vapours  and  in  Liquids  and  Its 
Relation  to  the  Opalescence  Ob- 
served in   the  Critical  Stat( 


A.  D.  Bell 


A.   G.   Worthing 


Fred  W.  Ellis 


E.  Q.  Adams 


May  7         15 19 
June    18 


Nov. 


Nov. 


Nov. 


Nov. 


Nov, 


511 


818 


597 


922 


932 


Nov. 

II 

Nov. 

16 

Oct. 

24 

G.   Bertram   Rcgar 

Nov. 

687 

Nov. 

II 

M 

Hans  Lauber 

Oct.  ] 

[^ 

lOIJ 

K.   K    R.inianalhaii        Nov.  I  151 
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Psychological  Review 

The  Effect  of  Variations  of  the  Inten- 
sity of  Illumination  of  the  Peri- 
meter Arm  on  the  Determination 
of  Color  Fields — 

Public  Works 

Street   Lighting  Construction  and  Ap- 
paratus— 
Rept.  Lab.  Asahi  Glass  Co. 

Protective  Spectacles  for  Ultra-violet 
Rays — 

Revue  Generale  de  L'Electricite 

Lampe  a  incandescence  a  filament  droit 
pour  recherches  de  laboratoires  et 
experiences  de  cours — 

Science  Abstracts  "A" 

A  New  Method  of  Investigating  Colour 

Blindness    with    a    Description    of 

Twenty-Three  Cases — 
(Roy.  Soc.  of  Edinburgh,  Proc,  42,  i, 

pp.   75-88,    1921-22). 
Dispersion  of  Light  in  Fluorescent  So- 
lutions— 
(Accad.    Lined,  AttL,   31,    i,    pp.    157- 

160,  Feb.  19,  1922). 
Effect  of   Impurities   on   Recrystalliza- 

tion  and  Grain  Growth — 
(Inst.  Metals,  J.,  27,  p.  107;  Dise.  and 

Corres,    148,    1922.     Bng.,   113,   pp. 

342-346,  March  17,  1922). 


C.   E.   Ferree   and 
Gertrude  Rand  Nov. 


Nov. 


Inagaki 


A.  Cotton 


R.  A.  Houstoun  Sept. 


A.  Garrelli 


Sept. 


Research  Staff  of 
the  General  Elec- 
tric Co.,   London       Sept. 


457 


242 


1921 


Oct.  21         12^0 


712 


717 


732 


Behavior  of  Carbon  at  High  Tempera- 
tures— 

(Zeit.  Blektroehem.,  28,  pp.  183-185, 
April  I,  1922). 

Textile  World 

Light  Without  Glare- 
Transactions  of  the  Faraday  Society 

High  Temperature  Phenomena  of 
Tungsten  Filaments* — 


F.  Sauerwald 


C.  J.   Smithells 


Sept. 
Nov 

Feb. 


734 


81 


485 
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Al>nl.iMI    IIl-.UTZ, 

Irving  I'lace  and  isth  Street, 

Nt-w  York.  N,  Y. 


Directors 

Trttns  expire  Sept.jo,  1924 

F.  C.  Caldweli.,, 

Ohio  State  Univer.sity, 

Coluinlms,    Ohio 

Ar(;isT\'s  I).  Curtis, 
2.VS  W.  Jackson  Blvd., 
ChiciiK<),  111. 


7Vf  ms  ex  pit  e  Sept.  jo,  19  js 

Frank  R.  Rarnitz. 

130  Ka.st  i.sth  St.. 

New  York,  N.  Y. 

Cl.VRICNCIC    I,.    I,A\V, 

living  Place  and  islh  Street 
New  York,  N.  Y. 


Frank  S.  Pkick, 

160  Pearl  Street, 

Boston,  MnH.H. 


Pre.Hton  S.  M  ii.lak. 

Roth  St.  and  Kant  Knd  Ave.. 

Nrw  Ycirk ,   N.  Y. 

I 


.v.   I..   Po\vi:i.i., 
I-'ifth  and  Su.s.scx  St.s. 

Hartixotj.  N.  J. 


SECTIONgCHAPTEROFFICERS 


Chicago  Section 

CHAIRMAN Albert  L.  Arenberg,  316  S.  Wells  St.,  Chicago,  111, 

SECRETARY  ....  F.  A,  Rogers,    I^ewis  Institute,  Madison  and  Robey  Sts.,  Chicago,  111. 

MANAGERS 

J.  H.  Allen Monadnock  Block,  Chicago,  111. 

F.  A.  Del^ay 72  W.  Adams  St.,  Chicago,  111. 

F.  I^ee  Farmer 216  S.  Jefferson  St.,  Chicago,  111. 

W.  M.  Goodrich 500  South  Clinton  St.,  Chicago,  111. 

J.  J.  Kirk 72  W.  Adams  St.,  Chicago,  111. 

New  England  Section 

CHAIRMAN R.  R.  Burnham,  119  Water  St.,  Boston.  Mass. 

SECRETARY C.  A.  Strong,  60  India  Street,  Boston,  Mass. 

MANAGERS 

W.  V.  Batson 210  South  Street,  Boston,  Mass. 

J.  Daniels 39  Boylston   Street,  Boston,  Mass. 

J.  A.  Toohey Box  3396,  Boston,  Mass. 

1,.  T.  Troland Harward  Univ.,  Cambridge,  Mass. 

J.  I^.  Tudbury 247  Essex  Street,   Salem,  Mass. 

New  York  Section 

CHAIRMAN .    .  A.  ly.  Powell,  Edison  I^amp  Works,   Harrison,  N.  J. 

SECRETARY J.  E.  Buckley    Irving  Place  and  15th  Street,  New  York,  N.  Y. 

MANAGERS 

R.  B.  Burton 6  W.  48th  Street,    New  York,  N.  Y. 

J,  R.  Fenniman 130  E.  isth  Street,  New  York,  N.  Y. 

A.  M.  Perry loth  Ave.  and  36th  Street,  New  York,  N.  Y. 

H.  A.  Sinclair 526  W.  34th  Street,  New  York    N.  Y. 

Geo.  Strahan 507  W.  24th  Street,  New  York,  N.  Y. 

Philadelphia  Section 

CHAIRMAN      Howard  I^yon,  Welsbach  Co..  Gloucester.  N.  J. 

SECRETARY H.Calvert,  2114  Sansom  Street,    Philadelphia,  Pa. 

MANAGERS 

H.B.Andersen 20  Maplewood  Ave.,    Philadelphia,  Pa. 

C.  E.  Clewell Un'v.  of  Penn.,  Philadelphia,  Pa. 

M.  C.  Huse 1000  Chestnut  Street,  Pliilndelphia,  Pa. 

J.  B.  Kelley 23s  Market  Street,  Philadelphia,  Pa. 

W.  E.  Saunders Broad  and  Arch  Sts.,  Philadelphia,  Pa. 

Cleveland  Chapter 

CHAIRMAN C.  ly.  Dows.  Nela  Park,  Cleveland,  Ohio 

SECRETARY E.  W.  Commery,  Nela  Park,  Cleveland,  Ohio 

MANAGERS 

E.  A.  Anderson Nela  Park,   Cleveland,  Ohio 

G.  A.  Hausraan  .   .    *   ' 6th  and  Rockwell  St.s.,    Cleveland,  Ohio 

Phil.  C.  Keller 5716  Euclid  Ave.    Cleveland,  Ohio 

A.J.Thompson 226  St.  Clair  Ave.  N.  E.,  Cleveland,  Ohio 

J.  fy.  Wolf Builders  Exchange,  Cleveland,  Ohio 

San  Francisco  Bay  Cities  Chapter 

CHAIRMAN I^eoiiard  E.  Voyer,  Rialto  Bldg.,  San  Franci.sco,  Calif. 

SECRETARY H.  H.  Millar,  1648  i6th  Street,  Oakland,  Calif. 

TREASURER J.  .A.  Vandegrift.  1648  16th  Street,  Oakland,  Calif. 

MANAGERS 

W.  W.  Hanscom 848  Clayton  Street,  San  Franci.sco.  Calif. 

R.  A.  Hud.son 703  Rialto  Bldg..  San  Franci.sco,  Calif. 

Romnine  Myers 204  Bacon  Building,  Oakland,  Calif . 

R.  S.  Prussia 705  First  National  Bank  Bldg..  San  Francisco  Calif. 

Miles  F.  vSteel ...  S90  Howard  Street,  San  Franci.sco,  Calif. 

Toronto  Chapter 

CHAIRMAN G.  R.  AnHer.son,  ITniv.  of  Toronto,  Toronto,  Canada 

SECRETARY-TREASURER M.  B.  Ha.stings,  62  Front  St.  W.,  Toronto,  Canada 

Executive  Committee 

G.  R.  Ander.son I^niv.  of  Toronto.  Toronto,  Can. 

F.  T.  Groome 119  Fairview  .\ve.  West  Toronto,  Can. 

M.  B.  Hastings 62  Front  St.  W.,  Toronto,  Can. 

J.  T.  Scott 221  Dufferin  St.,  Toronto,  Can. 

W.  H.  Woods 507  Brunswick  Ave.   Toronto,  Can. 

n 


LOCAL  REPRESENTATIVES 


III 


CilLIPORNIA: 


COLORADO: 
C50NNBCTICUT: 


Hartford    .   . 
DISTRICT  OF  COLUMBIA:  Washington 


GEORGIA: 
IDAHO: 
KERTUCKT: 
LOUISIANA: 

MASSACHUSETTS: 


MICHIGAN: 
MINNESOTA: 

MISSOURI: 
NEW  YORK: 

OHIO: 

OREGON: 

PENNSYLVANIA: 
RHODE  ISLAND: 

TEXAS: 

UTAH: 

VIRGINIA: 

WASHINGTON: 

WISCONSIN: 

CANADA: 
SOUTH  AFRICA: 


San  Francisco    .  Romaine  W.  Myers, 

204  Bacon  Buildinj;,  Oakland. 

Los  Angeles    .    .  F.  S.  Mills,  631  Pacific  Finance  Building. 
Denver  .    .  .  G.  O.  Hodgson,  Edison  lyamp  Works. 

New  Haven     .   .  Charles  F.  Scott,  Yale  University. 

J.  Arnold  Norcross,  80  Crown  Street. 
R.  E.  Simpson,  Travelers  Insurance  Co. 
R.  B.  Patterson,  213  14th  Street. 

E.  C.  Crittenden    Bureau  of  Standards. 
Charles  A.  Collier,  Electric  and  Gas  Building. 
W.  R.  Putnam,  Idaho  Power  Co. 
H.  B.  Heyburn,  Second  and  Washington  Sts. 

,  Douglas  Anderson, 

Tulane  University  of  I«ouisiana. 

J.  F.  Murray,  United  Electric  I,ight  Co. 
.  Carl  D.  Knight, 

Worcester  Polytechnic  Institute. 
,  F.  R.  Mistersky,  129  Kenilworth  Avenue. 

Charles  Monroe,  Detroit  Edison  Co. 

A.  I,.  Abbott,  174  E.  6th  Street. 
.  G.  D.  Shepardson,  University  of  Minnesota. 

Louis  D.  Moore,  1130  Railway  K.xchauge  Bldg. 
.  Frank  C.  Taylor,    166  Shepard     St. 

S.  H.  Blake,  General  Electric  Co. 

A.  M.  Wilson,  University  of  Cincinnati. 

F.  C.  Caldwell,  Ohio  State  University. 
W.  E.  Richards,  Toledo  Railway  and  Light  Co. 
F.  H.  Murphy, 

Portland  Railway  Light  and  Power  Co. 
Electric  Building. 
.  L-  O.  Grondahl,  Carnegie  Inst,  of  Technology 
.  F.  A.  Gallagher, 

Narragansett  Elec.  Lighting  Co. 
J.  M.  Bryant,  University  of  Texas. 
R.  H.  Ashworth,  Kearns  Bldg. 
W.  S.  Rodman,  University  of  Virginia. 
Fred.  A.  Osborn,  Univer.sity  of  Washington. 

F.  A.  Vaughn,  Metropolitan  Block,  Third  and 
State  Sts. 

Montreal   .    .    .   .  L.  V.  Webber,  285  Beaver  Hall  Hill. 
Johannesburg        H.  A.  Tinson,  vSouth  African  Gen.  Elec.  Co.. 
Southern  Life  Buildings,  Transvaal. 


Atlanta .  .  . 
Boise  .... 
Louisville  .  . 
New  Orleans 

Springfield  . 
Worcester  .   . 

Detroit  .  .  . 

St.  Paul  .  . 

Minneapolis  . 
St.  Louis  .   . 
Rochester 
Schenectady 

Cincinnati  . 

Coltimbus  .  . 

Toledo    .  .  . 

Portland   .  . 


Pittsburgh  .  . 
Providence    .   . 

Austin  .  .  .  . 
Salt  Lake  City 
Charlottesville 
Seattle  .  .  .  . 
Milwaukee  .  . 


OFFICIAL  REPRESENTATIVES  TO  OTHER  ORGANIZATIONS 

On  the  United  states  National  Committee  of  the  International  ,.    n    m 

Commission  on  Illumination •?  if-     ;      *!J    ?,,.. 

(  Preston  S.   Millar 

On  American  Institute  of  Electrical  Engineers  Standards  Committee  .   Clayton  H.  Sharp 

On  Governing  Board  of  the  American  Association  for  the  Advancement 
of  Science f  K 


f  Hrne.st  F.  Nichols 
t  Clayton  H. 


Sharp 

On  the  Advi.Hory  Committee,  Engineering  Division,  National  Research 

Council Edward  P.  Hyde 

("E.  W.  Comniery 
I  J    W.  (Gosling 
On  the  Fixture  Mnnufacturers  Committee  to  prejMxre  a  Code  '  **•  ^'    Hibhen 

of  Lnniiiiaire  DeHiirn i  M    Liickimh 

R.  H    Mnurrr 
A.  L    Powell 
Samuel  .Suydrr 

R.  K.  Simpson 


On  A    K  S.  C.  Sectional  Committee,  Building  Rxits  Code 


COMMITTEES 


1922-1923 


Except  as  noted  below,  all  committees  are  appointed  by  the  President, 
subject  to  the  approval  of  the  Council,  and  terminate  at  the  time  oj 
the  first  Council  meeting  of  each  7iew  administration,  in  the~ month 
of  October.     The  duties  of  each  committee  are  indicated. 

WARD  HARRISON,  President,  Ex-officio  member  of  all  Committees. 


(1)  STANDING  COMMITTEES  AUTHOR- 
IZED BY  THE  CONSTITUTION 
AND    BY-LAWS. 

COUNCIL  EXECUTIVE. —(Co«JW/j«^o/M^ 
President,  General  Secretary,  Treasurer 
and  iivo  members  of  the  Council.)  Act 
for  the  Council  between  sessions  of  the 
latter. 

Ward  Harrison,  Chairman. 
Nela  Park,  Cleveland,  Ohio. 
Walton  Forstall,        Clarence  L.  Law, 
S.  G.  Hibben,  L.B.Marks. 

FINANCE.  — (0/"/Ar^^  members;  to  continue 
until  successor  is  appointed.)  Prepare  a 
budget;  approve  expenditures;  manage 
the  finances;  and  keep  the  Council  in- 
formed on  the  financial  condition. 

Adolph  Hertz,  Chairman. 
Irving  Place  &  15th  St.,  New  York,  N.  Y. 

Walton  Forstall,         D.  McFarlan  Moore. 

PAPERS.  — (0/«/  least  five  members.)  Pro- 
vide the  program  for  the  annual  con- 
vention; pass  on  papers  and  communica- 
tions for  publication;  and  provide  pa- 
pers and  speakers  for  joint  sessions  with 
other  societies. 

J.  L.  Stair,  Chairman. 
235  W.  Jackson  Blvd.,    Chicago,  111. 

A.  L.  Powell,  Vice-chairman. 

Fifth  and  Su.ssex  Sts.,  Harrison,  N.  J. 

E.  A.  Anderson,      Howard  Lyon, 
Louis  Bell,  Norman  D.  Macdonald, 

Geo.  G.  Cousins,      F.  H.  Murphy, 
H.  H.  Higbie,  J.  J.  Ryan. 

Albert  Scheible. 

Chairman  of  Section  and  Chapter  Papers 
Committees,  Ex-offlcio  Members. 

EDITING  AND  PUBLICATION.— rO/Mr^'*- 
members.)  Edit  papers  and  discus- 
sions; and  publish  the  Transactions. 

Norman  D.  Macdonald,  Chairman. 
80th  vSt.  and  E.  End  Ave.,  New  York,  N.Y. 
Allen  M.  Perry,  Ralph  C.  Rodgers. 


GENERAL  BOARD  OF  EXAMINERS- (y4/>- 

pointed  by  the  President. )  Pass  upon  the 
eligibility  of  applicants  for  membership 
or  for  changes  in  grade  of  membership. 

Norman  Macbeth,  Chairman. 
227  W.  17th  St.,  New  York,  N.  Y. 
Clarence  L.  Law,         L.  J.  Lewinson. 

(2)  COMMITTEES  THAT  ARE  CUSTO- 
MARILY CONTINUED  FROM 
YEAR  TO  YEAR. 

LIGHTING     LEGISLATION.  —  Prepare    a 

digest  of  laws  on  Illumination;  cooper- 
ate with  other  bodies  in  promoting  wise 
legislation  on  illumination;  and  prepare 
codes  of  lighting  in  ceitain  special  fields, 
to  function  also  as  a  Technical  Com- 
mittee on  Industrial  Lighting . 

L.  B.  Marks,  Chairman. 
103  Park  Avenue,  New  York,  N.  Y. 

W.  F.  Little,  Secretary. 
80th  St.  and  E.  End  Av.,  New  York,  N.  Y 


Louis  Bell , 
W.  T.  Black  well, 
F.  C.  Caldwell, 
C.  E.  Clewell, 


J.  A.  Hoeveler, 
Clarence  L.  Law, 
M.  G.  Lloyd, 
M.  Luckiesh, 


Geo.  S.  Crampton,    R.  H.  Maurer, 


H.  B.  Dates, 


A.  S. McAllister, 


E.  Y.  Davidson,  Jr.,  W.  J.  Serrill, 
W.  A.  D., Evans,        R.  E.  Simpson, 


S.  G.  Hibben, 


G.  H.  Stickney. 


MEMBERSHIP.  —   To     obtain    additional 
individual  memberships. 

G,  Bertram  Regar,  Chairman. 
1000  Chestnut  vSt.    Philadelphia,  Pa., 


J.  F.  Anderson, 
A.  L.  Arenberg, 
C.  A.  Atherton, 
W.  T.  Blackwell, 


F.W.  Bliss, 
R.  I.  Brown, 
W.  E.  Clement, 
George  G.  Cousins, 


tv 


COMMITTEES  --  1922-1923. 


Terrell  Croft, 

J.  Daniels, 

B.  T.  Davidson,  Jr., 

Robert  B.  Ely, 

R.  W.  Everson, 

H.  W.  Fuller, 

H.  B.  Hobson, 

J.  A.  Hoeveler, 

Merritt  C.  Huse, 


C.  C.  Munroe, 
F.  H.  Murphy, 
H.  G.  Smitb, 
H.  H.  Smith, 
E.  W.  Spitz, 
Clare  N.   Stannard, 
0.  R.  Toman, 
L.  J.  Wilhoite, 
L.  A.  S.  Wood. 


MOTOR  VEHICLE  LIGHTING. 

C.  H.  Sharp,  Chairman. 
8oth  St.  aud  E.  End  Ave.,  New  York,  N.Y. 


G.  H.  Stickney,  Vice-chairman. 
Fifth  and  Sussex  Sts.,  Harrison,  N.  J. 

P.C.  Caldwell,  W.F.  Little, 

A.  W,  Devine,  W.A.  McKay, 

C.  B.  Godley,  A.  L.  McMurtry, 

C.  A.  B.  Halvorson,  H.  H.'^agdsick, 
J.  A. Hoeveler,  L.C.Porter, 

U.  M.  Smith. 

L.  B.  Voyer,  Representative  in  State  of  Cal. 

WOMENCLATURE  AND  STANDARDS-/?^ 
fine  the  terms  ancistandaids  a/ Illumin- 
ation; and  endeavo*  to  obtain  uniformity 
in  nomenclature. 

B.  C.  Crittenden,  Chairman. 
Bureau  of  Standards,  Wasliington.  D.  C. 

Howard  Lyon,  Secretary. 
Welsbach  Co.,  Gloucester,  N.  J. 


Louis  Bell, 
G.  A.  Hoadley, 
B.  P.  Hyde, 
A.  B.  Kennelly, 


M.  Luckiash, 
C.  0.  Mailloux, 
A.  S.  McAllister, 
C.  H.  Sharp, 


G.  H.  Stickney. 

PROGRESS.  -Submit  to  the  annual  conven- 
tion a  repot  t  on  the progf  eis  of  the  year 
in  the  science  and  art  o/  fllumination. 

F.  B.  Cady,  Chairman. 
Neln  Turk,  Clcvt-laiid,  O. 

G.  S.  Crampton,        W.  B.  Saunders. 

RESEARCH.  .Stimulate  reseanh  in  the 
field  of  illumination;  and  keep  in- 
formed of  the  progress  of  teseon  h. 

B.  P.  Hyde,  ChAirman. 
Nrla   Park,  Clrvrlmul,  (), 


Louis  Bell, 
W.  T.  Bovie,* 
Alex.  Duana, 
Knight  Dunlap, 
E.  K.  Harvey,* 


M.  Luckiesh, 
Thomas  Scofield,* 
C.  H.  Sharp, 
C.  A.  Skinner,* 
L.  T.  Troland, 


F.  H.  Verhoeff.* 

(3)  TEMPORARY    COMMITTEES    FOR 
SPECIAL  PURPOSES. 

SKY  BRIGHTNESS. 

H.  H.  Kimball,  Chairman. 
U.  S.  Weather  Bureau,  Washington,  D.  C. 
B.  C.  Crittenden,  W.  F.  Little, 

E.  H.  Hobbie,  M.   Luckiesh, 

Bassett  Jones,  L.  B.  Marks. 

I.  G.  Priest.* 

COMMITTEE  TO  COOPERATE  WITH 
FIXTURE  MANUFACTURERS 

To  Prepare  Code  of  Luniinaire  Design 

M.  Luckiesh,  Chairman, 

Nela  Park.  Cleveland,  C). 

E.  W.  Commery,  Secretary, 
Nela  Park,  Cleveland.  O 

S.  G.  Hibben,  R.  H.  Maurer, 

J.  W.  Gosling,*         A.  L.  Powell, 
Samuel  Snyder. 

COMMITTEE  ON  NEW  SECTIONS  AND 
CHAPTERS 

D.  McFarlan  Moore,  Chairman, 
Edison  I^anip  Works,   Harrison,  X.  J. 

COMMITTEE  TO  PREPARE  A  BULLETIN 
ON    RESIDENCE    LIGHTING 
BY  GAS 
Howard  Lyon,  R.  H.  Maurer. 


COMMITTEE  TO  PREPARE  A  BUI.LBTIN 

ON  RESIDENCH  LIGHTING 

BY  ELECTRICITY 

Samuel  G.  Hibben,  Chairman. 

l()5  Hioadway,  Nf\T  Vmk,  N.  Y 


Geo.  Ainawoith, 
F.  E.  Cady, 
0.  H.  Caldwell, 
W.  J.  Drlsko, 
R.  B.  Fly, 


M.  Luckiesh, 
W.  R.   M'Coy, 
Heiman  Plaut, 
A.  L.  Powell, 
F.  B.  Rae,  Jr. 


Gertrude  R.  Ferree,*  R.  C.  Rodders, 
R.  8.  Hale.  J.  W.  Smith,* 

F.  Y.  Joannes.*  J.  L.  Stair, 

Clarence  L.  Law,        B.  D.  Tiil.ion, 
D.  H.  Tuck 


•  Not  uicnil>fiH  of  the  Society  but  cuOpetHtiiig  iu  tlic  work  of  these  coiiMnitteen. 


SUSTAINING  MEMBERS 

Alexalitc  Co.,  New  York,  N.  Y. 

American  Gas  &  Electric  Co.,  New  York,  N.  Y. 

American  Optical  Co.,  Southbridge,  Mass. 

Bausch  &  Lomb  Optical  Co.,  Rochester,  N.  Y. 

Beardslee  Chandelier  Mfg.  Co.,  Chicago*  111. 

Benjamin  Electric  Manufacturing  Co.,  Chicago,  111. 

Boston  Consolidated  Gas  Co.,  Boston,  Mass. 

The  Brascolite  Co.,  St.  Louis,  Mo. 

Brooklyn  Edison  Co.,  Inc.,  Brooklyn,  N.  Y. 

Brooklyn  Union  Gas  Co.,  Brooklyn,  N.  Y. 

Cambridge  Electric  Light  Co.,  Cambridge,  Mass. 

Central  Electric  Company,  Chicago,  Illinois. 

Central  Hudson  Gas  &  Electric  Co.,  Newburgh,  N.  Y. 

Commonwealth  Edison  Co.,  Chicago,  111. 

Consolidated  Electric  Lamp  Co.,  Danvcrs,  Mass. 

Consolidated  Gas,  Electric  Light  &  Power  Co.,  Baltimore,  Md. 

Consolidated  Gas  Co.  of  New  York,  New  York,  N.  Y. 

Consumers  Power  Co.,  New  York,  N.  Y. 

Cooper-Hewitt  Electric  Co.,  Hoboken,  N.  J. 

Cox,  Nostrand  &  Gunnison,  Brooklyn,  N.  Y. 

Cutler-Hammer  Manufacturing  Co.,  Milwaukee,  W«» 

Dawes  Brothers,  Chicago,  111. 

Detroit  Edison  Co.,  Detroit,  Mich. 

Duquesne  Light  Co.,  Pittsburgh,  Pa. 

East  Side  Metal  Spinning  &  Stamping  Co.,  New  York,  N.  Y. 

Edison  Electric  Illuminating  Co.  of  Boston,  Boston,  Mass. 

Edison  Lamp  Works  of  General  Electric  Co.,  Harrison,  N.  J. 

Electric  Outlet  Co.,  Inc.,  New  York,  N.  Y. 

Electrical  Testing  Laboratories,  New  York,  N.  Y. 

Fitchburg  Gas  &  Electric  Light  Co.,  Fitchburg,  Mass. 

Oscar  O.  Friedlaender,  Inc.,  New  York,  N.  Y. 

Georgia  Railway  &  Power  Co.,  Atlanta,  Ga. 

Gillinder  Brothers,  Port  Jervis,  N.  Y. 

Gillinder  &  Sons,  Inc.,  Philadelphia,  Pa. 

Glcason-Tiebout  Glass  Co.,  Brooklyn,  N.  Y. 

Hartford  Electric  Light  Co.,  Hartford,  Conn. 

Haverhill  Electric  Co.,  Haverhill,  Mass. 
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SUSTAINING    MEMBERS  ^" 


Holophane  Glass  Co.,  Inc.,  New  York,  N.  Y. 

The  Horn  &  Brannen  Mfg.  Co.,  Inc.,  Philadelphia,  Pa. 

Hydro-Electric  Power  Commission  of  Ontario,  Toronto,  Canada 

Hygrade  Lamp  Co.,  Salem,  Mass. 

Krich   Light  and  Electric  Co.,  Newark.  New  Jersey. 

Kristiania  Elektrecitetsvork,  Kristiania,  Norway, 

E.  B.  Latham  &  Co.,  New  York,  N.  Y. 

Leeds  &  Northrup  Co.,  Philadelphia,  Pa. 

Lightolier  Co.,  New  York,  N.  Y. 

Lynn  Gas  &  Electric  Co.,  Lynn,  Mass. 

Macbeth-Evans  Glass  Co.,  Pittsburgh,  Pa. 

Maiden  Electric  Co.,  Maiden,  Mass. 

Maiden  &  Melrose  Gas  Light  Co.,  Maiden,  Mass. 

McGraw-Hill  Publishing  Co.,  New  York.  N.  Y. 

Millville  Electric  Light  Co.,  Millville,  N.  J. 

Montpelier  &  Barre  Light  &  Power  Co.,  Montpelier,  Vt. 

Narragansett  Electric  Lighting  Co.,  Providence,  Rhode  Island. 

National  Lamp  Works  of  General  Electric  Co.,  Nela  Park,  Cleveland,  Ohio 

National  X-Ray  Reflector  Co.,  Chicago,  III 

New  Bedford  Gas  &  Edison  Light  Co.,  New  Bedford,  Mass. 

New  England  Power  Co.,  Worcester,  Mass. 

New  Haven  Gas  Light  Co.,  New  Haven,  Conn. 

New  York  Edison  Co.,  New  York,  N.  Y. 

New  York  &  Queens  Electric  Light  &  Power  Co.,  Long  Island  City,  N.  Y 

Pennsylvania  Power  &  Light  Co.,  Allentown,  Pa. 

Peoples  Gas  Light  &  Coke  Co.,  Chicago,  111. 

Pcttingcll-Andrews  Co.,  Boston,  Mass. 

Philadelphia  Electric  Co.,  Philadelphia,  Pa. 

Philadelphia  Electric  Manufacturing  Co.,  Philadelphia,  Pa. 

L.  Plant  &  Co.,  New  York,  N.  Y. 

Portland  Railway,  Light  &  Power  Co.,  Portland,  Ore. 

Potomac  Electric  Power  Co.,  Washington,  D.  C. 

Providence  Gas  Co.,  Providence,  R.  I. 

Public   Service  Corporation  of   New  Jersey,   Newark,   N.  J. 

Public  Service  Company  of  Northern  Illinois,  Chicago,  111. 

Rochester  G:»s  &  Electric  Corp.,  Rochester,  N.  Y. 

Max  Schaffcr  Company,  New  York,  N.  Y. 

Sakni  I'lcctric  Lij^hting  Co.,  Salem,  Mass. 
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Shapiro  &  Aronson,  Inc.,  New  York,  N.  Y. 

Societa  Idroelettrica  Piemonte,  Turin,  Italy. 

Southern  Electric  Co.,  Baltimore,  Md. 

SterUng  Bronze  Co.,  New  York,  N.  Y. 

Stone  &  Webster,  Boston,  Mass. 

Suburban  Gas  &  Electric  Co.,  Revere,  Mass. 

The  United  Gas  Improvement  Co.,  Philadelphia,  Pa. 

Charles  H,  Tenney  &  Co.,  Boston,  Alass. 

Tungsten  Wire  Works,  A.  B.,  Stockholm,  Sweden. 

Union  Gas  &  Electric  Co.,  Cincinnati,  Ohio. 

United  Electric  Light  &  Power  Co.,  New  York,  N.  Y. 

Union  Light  &  Power  Co.,  Franklin,  Mass. 

Alfred  Vester  Sons,  Providence,  R.  I. 

Welsbach  Co.,  Gloucester,  N.  J. 

Welsbach  Street  Lighting  Co.,  Philadelphia,  Pa. 

Westinghouse  Electric  &  Manufacturing  Co.,  East  Pittsburgh,  Pa. 

Westinghouse  Lamp  Co.,  Bloomfield,  N.  J. 

Wetmore- Savage  Co.,  Boston,  Mass, 

Worcester  Electric  Light  Co.,  Worcester,  Mass. 

Worcester  Suburban  Electric  Co.,  Palmer,  Mass. 
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Tail  Lights  and  License  Plates 

rpOR  SEVERAL  YEARS,  the  sizes  of  number  plates  for 
■■•  automobiles  have  been  increasing  to  accommodate  the  larger 
serial  numbers,  but  no  one  has  seen  to  it  that  tail  lights  were  so 
changed  as  effectively  to  illuminate  this  larger  area.  As  a  result, 
almost  all  the  modern  equipments  are  violating  the  legal  re- 
quirement that  rear  number  plates  shall  be  so  lighted  as  to  be 
legible  at  a  distance  ordinarily  specified  as  50  or  60  feet. 

As  an  illustration  of  the  situation,  the  officials  of  an  eastern 
state,  recently  stopped  over  four  hundred  automobiles  and  found 
but  one  which  had  satisfactory  number  plate  lighting.  It  is  ob- 
vious that  such  condition  of  affairs  cannot  continue,  since  it  is 
tully  as  important  to  be  able  to  read  the  identifying  numbers 
after  dark  as  in  the  daytime. 

It  has  remained  for  Massachusetts  to  take  the  first  step  to 
correct  this  anomalous  situation.  By  a  recently  enacted  law, 
motor  vehicles  must  be  equipped  with  approved  rear  lamps. 
Under  this  law,  which  is  just  going  into  effect,  a  large  number 
of  tail  lamps  have  been  submitted  for  api)roval.  It  is  so  ob- 
viously important  tliat  improvement  be  made,  that  it  is  generally 
assumed  that  otlu-r  states  will  fall  in  line  and  make  the  recjuire- 
ments  more  or  less  similar  to  those  of  Massachusetts.  ( )n  the 
other  hand,  it  is  almost  ot'  ecpial  inii>ortance  that  the  action  of  the 
several  states  should  be  as  uniform  as  possible.  It  would  he  \erv 
niifortiinatc    if    diffrrent    ('(iiiipiiKnts    were    re(|nire(l    in    difVerrnt 
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States,  especially  if  visitors  were  required  to  make   changes  in 
their  equipment. 

The  Massachusetts  Motor  Vehicle  Department  early  recognized 
that  it  was  not  enough  simply  to  have  a  well  designed  lantern, 
but  that  it  was  also  necessary  to  so  fix  the  relation  between  the 
lantern  and  the  plate  as  to  make  sure  that  the  illumination  would 
be  directed  on  the  number  plate.  They  have  therefore  required 
the  submission  of  the  complete  equipment,  including  the  plate 
support.  They  have  handled  the  problem  in  a  commonsense  way, 
but  in  order  that  there  may  be  uniformity  and  action  throughout 
the  country,  it  seemed  desirable  to  have  some  general  specifications 
covering  the  requirements. 

The  Society's  Committee  on  Motor  Vehicle  Lighting  was 
therefore  asked  to  draw  up  such  specifications.  They  in  turn 
invited  the  Lighting  Division  of  the  Standards  Committee  of 
the  Society  of  Automotive  Engineers  to  collaborate.  A  joint  sub- 
committee, under  the  chairmanship  of  Mr.  A.  W.  Devine  of  the 
Massachusetts  Registry  of  Motor  Vehicles  was  appointed.  The 
membership  of  this  sub-committee  spent  several  months  studying 
the  problem  and  making  the  tests.  These  data,  together  with 
the  experience  in  Massachusetts,  were  brought  together  at  a 
meeting  held  in  December.  A  comparison  with  the  data  from 
various  sources,  showed  a  surprisingly  close  agreement,  and  the 
Committee  had  relatively  little  difficulty  in  arriving  at  an  accept- 
able set  of  specifications. 

These  specifications  were  then  submitted  to  a  joint  meeting  of 
the  main  committees,  to  which  state  officials,  lantern  manufac- 
turers, and  all  others  known  to  be  actively  interested  in  the 
problem,  were  invited.  It  is  a  testimonial  to  the  work  of  the  sub- 
committee that  only  slight  changes  were  suggested,  and  the  speci- 
fications were  approved  without  a  single  dissenting  vote. 

These  specifications  are  ])rinte(l  in  tliis  issue  of  the  Transac- 
tions.     They   seem   to   hv   the   best   that   can   be  drawn   at   the 
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present  time,  and  entirely  practicable.  It  is  recognized  that  the 
conditions  to  be  met  are  quite  variable,  and  that  it  is  quite  con- 
ceivable that  experience  in  applying  the  specifications  will  suggest 
further  improvements.  The  specifications  apply,  of  course,  to 
the  present  form  of  number  plates,  which  are  seen  by  reflected 
light. 

The  scheme  of  using  stencil  plates  to  be  illuminated  by  trans- 
mitted light,  was  considered  by  the  Committee,  but  it  did  not 
seem  desirable  to  prepare  specifications  covering  this  type  of 
license  plate  until  there  was  more  assurance  that  such  plates 
would  be  furnished  by  state  authorities. 

One  of  the  problems  faced  by  the  Committee  was  the  lack  of 
uniformity  in  the  plates  issued  by  different  states.  To  meet  this 
condition,  the  Committee  passed  a  resolution  calling  attention  to 
the  need  of  suitable  standardization,  and  suggesting  certain 
limiting  dimensions,  use  of  contrasting  colors  and  the  use  of 
numerals  of  characteristic  shape  and  specified  widths  of  stroke 
and  spacing. 

The  tail  light  problem  is  much  simpler  than  that  of  the  head- 
light, inasmuch  as  the  equipment  is  much  less  sensitive  to  adjust- 
ment in  operation,  and  there  is  good  reason  to  believe  that  a 
really  efifective  step  has  been  taken  toward  the  establishment  of 
means  of  providing  good  illumination  on  the  number  plates. 

In  taking  this  action,  the  Society  and  those  who  co-operated 

witli  it,  ha\(.'  contributed  a  real  scr\ice  to  the  i)ublic. 

G.  II.  v^TiCKMCv,  i'icc-Cliaininui, 

Committee  on  Motor  Vehicle  Lii^hlini;. 
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Candlesticks  Found  in  Tutankhamen's  Tomb 

ACCORDING  to  a  recent  wireless  dispatch  to  The  Nezu  York 
Times,  Mr.  Howard  Carter  removed  on  January  i8th,  from 
Tutankhamen's  Tomb,  four  ancient  candlesticks,  or  supports  for 
miniature  torches.  They  are  considered  by  Professor  Breasted 
as  among  the  most  important  objects  in  the  tomb  because  archae- 
ologists did  not  know  how  the  Pharaohs  illuminated  their  palaces 
at  night. 

One  of  the  candlesticks  contained  a  wick,  which  was  seemed 
to  be  made  of  twisted  linen,  which  was  probably  soaked  in  oil 
oit  the  same  principle  as  modern  oil  lamps. 

The  experts  do  not  agree  as  to  whether  these  candlesticks  were 
used  for  domestic  lighting  or  for  religious  processions.  They 
have  a  curious  shape.  The  general  outline  is  the  key  of  life,  sup- 
ported by  bronze  wrists  and  hands  and  overlaid  with  gold  in  the 
parts  where  the  light  was  unlikely  to  flare. 

The  expression,  "The  Key  of  Life,"  used  in  describing  the 
candlesticks  removed  from  the  tomb  refers  to  what  is  also  known 
to  Egyptian  archaeologists  as  the  Angh,  a  sort  of  staff  resembling 
a  cross  with  a  loop  at  the  top,  and  usually  held  by  one  of  the 
Egyptian  dieties  or  kings.  In  their  religious  services  it  rep- 
resented generation,  or  enduring  life. 

Reckoning  the  Cost  of  Daylight 

THE  Illuminating  Engineering  Society  convention  paper  by 
Lucki^sh  and  Holladay  dealing  with  the  cost  of  daylight  stirs 
up  a  question  which  is  of  real  importance  in  modern  city  planning. 
It  extends  in  fact  not  only  to  large  industrial  or  office  buildings, 
but  even  to  hotels  and  residences.  In  its  larger  aspect  the  prob- 
lem is  this :  Given  ground  space  for  a  substantial  skyscraper,  say 
20,000  square  feet,  how  much  of  such  space  does  it  pay  to  reserve 
for  light  wells  or  their  equivalent,  looking  at  the  matter  in  all 
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aspects  and  reckoning  the  full  cost  of  daylight  lighting  and  also 
of  artificial  lighting  at  current  rates?  Of  course,  it  will  readily 
be  granted  that  to  the  degree  in  which  outside  lighting  can  con- 
veniently be  obtained  without  sacrificing  of  ground  space  it  is 
always  worth  obtaining ;  but  in  the  inner  portions  of  the  available 
space  the  loss  of  floor  area  due  to  a  light  well  is  serious,  and  the 
effectiveness  of  such  a  well  in  the  case  of  very  tall  buildings 
becomes  dubious  unless  considerable  area  be  sacrificed.  There- 
fore is  it  not  wise  to  depend  more  upon  artificial  light  than  we 
have  of  late  been  in  the  habit  of  doing? 

Few  people  realize  that  window  space  costs  in  dollars  and  cents 
more  wall  space.  This  is  true  not  only  in  the  case  of  an  indus- 
trial building  with  highly  specialized  steel  window  frames,  but 
as  regards  a  common  frame  house.  Moreover,  the  amount  of  heat 
required  in  our  climate  during  a  considerable  part  of  the  year 
is  greatly  increased  when  very  liberal  window  space  is  provided. 
Heat  is  lost  through  the  windows  much  more  rapidly  than  through 
the  walls,  and  consequently  more  must  be  furnished.  Repairs, 
renewals  and  cleaning  of  windows  also  rise  to  a  very  perceptible 
figure,  so  that,  including  the  interest  on  the  investment,  the  authors 
find  that,  speaking  in  general  terms,  the  total  annual  costs  of 
lighting  by  window  spaces  and  by  artificial  light  arc  usually  not 
widely  different,  while  in  not  a  few  instances  artificial  lighting 
carried  to  the  point  indicated  by  good  modern  illuminating  prac- 
tice is  actually  cheaper  than  natural  light. 

This  is  not  at  all  to  offer  the  suggestion  that  we  had  better  do 
without  windows  entirely  unless  they  are  needed  for  ventilating 
purposes,  but  to  show  that  in  cases  where  ground  space  is  valu- 
able and  the  uses  of  a  building  are  such  as  permit  of  effective 
artificiar lighting  such  light  may  be  not  only  ecouoiuical.  but  on 
the  whole  quite  as  desirable  as  natural  lighting.  If  a  building 
is  to  be  used  for  industrial  purposes,  experience  shows  thai  with- 
out great  sacrifice  of  ground  area  it  is  extremely  (liflicuh  to  get 
good  natural  lighting,  and  it  is  aNo  a  well-known  fact  that  lirst- 
dass  artiluial  liglit  ke(.'])s  ])ro(hution  up  to  at  le.ist  the  j)oint 
reached  by  the  axerage  daylight  (onditioiis.  It  is  a  curious  tnni 
of  affairs  that  has  brought  about  a  profit  balance  on  the  side  ol" 
artificial    light,    a    rt-sult    pi-rhaps   of    our    insistetut-    on    ciowding 
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together  in  cities  and  putting  our  buildings  on  end  and  in  contact 
with  each  other  instead  of  spreading  them  out  for  the  maximum 
benefit  of  Hght  and  air.  Society  is  penalized  by  this  sort  of 
crowding  in  many  ways,  but  it  is  a  condition  and  not  a  theory 
with  which  we  have  to  deal,  and  from  present  data  it  looks  very 
much  as  though  the  future  architect  and  contractor  would  have 
to  consider  the  economic  factor  of  artificial  lighting  as  one  bear- 
ing somewhat  heavily  on  the  utilization  of  the  space  at  hand. — 
Electrical  World,  October  21,  1922. 

Some  of  the  Problems  of  Flicker  Photometry 

WE  HAVE  learned  to  look  to  Ferree  and  Rand  for  highly 
ingenious  experimenting  and  interesting  results.  The  paper 
prepared  by  them  for  the  convention  of  the  Illuminating  Engineer- 
ing Society  deals  with  the  often-discussed  matter  of  flicker  photo- 
metry. Of  course,  it  is  well  known  that  in  the  comparison  of 
lights  of  different  colors  the  flicker  instrument  gives  results  mater- 
ially different  from  the  equality-of-brightness  photometer.  It  is 
generally  regarded,  too,  as  more  reliable,  but  where  a  discrepancy 
exists  and  there  is  no  available  method  to  ascertain  with  absolute 
precision  the  cause  of  the  variation,  it  is  always  worth  investi- 
gating. In  the  case  of  flicker  photometry  the  research  is  fraught 
with  almost  every  conceivable  kind  of  difficulty,  because  little  is 
definitely  known  about  the  relation  of  the  sensation  of  flicker  to 
the  color  stimuli  that  reach  the  retina  and  the  speed  at  which 
they  are  developed.  It  is  this  last-named  factor  with  which  the 
paper  before  us  deals ;  that  is,  the  growth  of  color  sensation  as 
a  function  of  time  in  the  transient  sensation  obtained  in  the  use 
of  a  flicker  photometer.  The  study  made  in  the  paper  under 
notice  bears  definitely  on  the  rate  of  growth  with  time  of  the  sen- 
sations of  color.  This  rate  of  growth  proves  to  vai-y  greatly, 
like  all  similar  functions,  in  different  persons  and  dift'erent  states 
of  adaptation  in  the  same  individual. 

So  far  as  Ferree  and  Rand's  investigation  goes,  it  does  not 
deal  yet  with  a  sufficient  group  of  observers  to  allow  a  safe 
average  to  be  taken,  nor  does  it.  make  altogether  clear  the  parti- 
cular state  of  adaptation  reached  during  the  experiments.  It  does, 
however,  bring  out  veiy  clearly  that  there  is  a  somewhat  large 
factor  of  uncertainty  in  flicker  due  to  the  variations  in  the  rela- 
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lively  slow  rise  of  sensation  for  the  several  colors.  What  is 
perhaps  the  most  striking  result  of  this  very  interesting  investi- 
gation is  that  it  was  found  that,  using  the  flicker  photometer  on 
the  one  hand  and  the  equality-of-brightness  photometer  as  the 
''blink"  instrument  on  the  other,  the  results  dropped  into  coinci- 
dences. In  other  words,  taking  the  variations  of  sensation  in  the 
flicker  method  as  they  were  found,  glimpsing  the  equality-of- 
brightness  field  for  the  same  observing  time  led  to  the  same  result 
as  in  the  case  of  the  flicker.  A  large  element  of  uncertainty  ap- 
pears, then,  to  be  introduced  by  the  use  of  the  brief  exposures  of 
the  flicker  disk  as  against  the  steady  stimulus  of  the  ordinary 
equality-of-brightness  method. 

It  should  here  be  noted  that  a  flicker  photometer  of  the  Sim- 
mance-Abady  type  gives  a  very  different  character  of  exposure 
as  regards  its  time  relations  from  the  instrument  used  in  the  ex- 
periments here  described.  This  may  indicate  the  reason  why  the 
photometer  performs  a  good  deal  more  steadily  than  these  very 
experiments  appear  to  show.  The  improved  relation  between  the 
two  general  methods  obtained  with  very  short  exposures  in  the 
equality-of-brightness  comparison  suggests  an  interesting  side  line 
of  research  on  the  effect  of  such  brief  exposures  on  simultaneous 
contrast  of  colors,  which  is  known  to  be  one  of  the  troublesome 
factor  in  photometr}^  of  colored  lights.  We  trust  that  by  next 
season's  convention  the  authors  of  this  painstaking  study  will 
have  had  opportunity  to  try  out  this  and  many  other  collateral 
experiments  which  naturally  suggest  themselves.  It  is  good  team 
work  to  co-oi)erate  in  this  kind  of  research. — Blectrical  Ji'orld, 
November  i8,  1922. 

Artificial  Lighting  Competes  with  Daylight 

A  NOVEL  Hghling  installation  was  recently  made  under  a 
bridge  of  the  New  York,  New  Haven  and  Hartford  Railroad 
in  Providence,  R.  I.  A  street  extends  a  considerable  distance 
under  this  bridge  with  the  result  that  it  appears  \er\  il.irk 
to  the  automobilisls  in  going  from  the  brightly  sunlighted  street 
to  the  darkened  street  beneath  the  l)ri(li^e;  then  attain  on  leaving 
the  darkened  area  under  the  bridge  and  coming  out  into  sunlight, 
the  drivers  were  blinded,  creating  extreme  discomfort  .nid  en- 
dangering the  safely  of  tlu-  publie. 
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For  ordinary  illumination  at  night,  lamps  of  small  size  were 
sufficient  to  light  the  roadway,  but  in  order  to  relieve  the  con- 
trast between  the  sunlight  and  the  dark  area  under  the  bridge,  a 
higher  level  of  illumination  was  necessary.  This  fact  resulted  in 
the  installation  of  a  system  of  units  with  i,ooo-watt  lamps,  which 
brought  the  illumination  to  a  level  which  greatly  relieved  the  effect 
of  contrast.  The  new  lighting  system  is  now  in  operation  during 
the  entire  day  providing  greater  comfort  and  safety  to  the  drivers 
and  pedestrians  who  travel  on  this  street. 

Several  other  installations  of  this  sort,  but  on  a  smaller  scale 
have  proved  successful.  A  similar  scheme  has  been  planned  for 
the  New  York-New  Jersey-Hudson  River  vehicular  tunnel,  by 
which  the  transition  from  daylight  to  the  tunnel  lighting  is  made 
gradual. 


PAPERS 

THE  COST  OF  DAYLIGHT* 


BV  M.  LUCKIESH  AND  L.  L.  HOLLADAY  ** 


SYNOPSIS:  Detailed  estimates  have  been  made  of  the  initial  and  annual  costs 
of  natural  and  of  artificial  lighting. 

The  initial  net  cost  of  equipment  for  natural  lighting  includes,  the  difference  in 
the  cost  of  the  building  with  and  without  windows  and  skylights,  the  cost  of  ground 
area  occupied  by  light-courts,  and  the  cost  of  extra  heating  system  to  supply  the 
difference  in  heat  losses  from  windows  and  skylights  and  from  the  wall  replaced 
by  the  glass  areas.  The  annual  cost  of  natural  lighting  includes  interest  on  the  initial 
net  cost,  depreciation,  cost  of  repairs,  washing  and  extra  fuel.  Wall  space  occupied 
by  windows  has  not  been  charged  to  natural  lighting  although  this  is  an  appreciable 
item  in  many  cases.  The  cost  of  artificial  lighting  used  in  the  daytime  to  reinforce 
daylight  has  not  been  charged  to  natural  lighting  in  making  the  cost  estimates. 
Deterioration  of  interiors  due  to  natural  lighting  and  various  items  of  minor  im- 
portance have  been  omitted.  In  fact  computations  were  confined  to  the  major  factors 
which  are  quite  tangible. 

The  cost  of  natural  lighting  is  compared  in  each  of  nine  representative  cases 
with  the  cost  of  electric  lighting.  The  initial  cost  of  equipment  for  electric  lighting 
consists  of  the  cost  of  wiring,  fixtures,  and  portables,  and  its  annual  cost  consists  of 
interest  upon  the  initial  investment,  depreciation,  repairs,  lamp  renewals,  and  electric 
energy.  Adequate  and  proper  artificial  lighting  was  assumed  in  all  cases  excepting 
the  first  dwelling. 

According  to  the  estimates  the  initial  net  cost  of  natural  lighting  for  dwelling* 
is  from  iio  to  22$  per  cent  of  the  initial  net  cost  of  electric  lighting;  for  apartments 
and  hotels  from  100  to  140  per  cent;  for  offices  about  160  per  cent;  and  for  art 
galleries  from  80  to  180  per  cent.  The  annual  rost  of  natural  lighting  was  found 
for  dwellings  to  be  from  95  to  125  per  cent  of  the  annual  cost  of  electric  lighting; 
for  apartments,  hotels,  and  offices  where  artificial  lighting  is  freely  used  during  the 
daytime,  from  50  to   100  per  cent;  and  for  art  galleries  about   135  per  cent. 

INTRODUCTION 


In  the  .study  of  lightinj^  it  must  often  occur  to  some  of  us  that 
natural  lighting  costs  something,  still  relatively  few  persons  appear 
to  be  conscious  of  its  cost.  How  often  does  the  consumer  of 
artificial  light  bring  up  the  question  of  cost  witliout  even  hinting 
of   applying   this   unwelcome   characteristic    to    natural    lighting! 

•Apiiprr  presented  at  tlu-  Anniiiil  Convention  of  Ihi-  niiunin.iliiig  HiiKinrci  iiijj 
Society,  Sw«nij>scott,  Mnss.    Srj)t«nil)cr  a.s-.'S.   iqj». 

••  I.ubonitoi  V  of  ,.\p].li»(!  Scit-ncc,  Nrlii  Research  I.aborntoi  lis,  National  l.ainp  Works 
of  G.   H    C 0  .  I  IcvrhiiHl.  olii.) 

The    llluaiinatiiiK    IjiKincciinR    Sorirty    is    not    responsible    for    the    stntoux  iits    or 
opinions    advanced    by   contributors. 
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In  fact  many  times  we  have  been  met  with  the  statement  that 
natural  Hght  ''costs  nothmg."  This  is  true  quite  generally  out- 
doors but  is  rarely  true  indoors.  Many  items  contribute  to  the 
cost  of  natural  lighting  such  as  the  greater  cost  of  constructing 
windows  and  roof-skylights  than  plain  walls  and  roofs  respec- 
tively; the  cleaning  and  replacement  of  glass;  the  greater  loss  of 
heat  from  glass  areas  than  from  ordinary  walls  and  ceilings ; 
the  valuable  wall-space  and  ground-area  consumed  by  windows 
and  light-courts  respectively;  and  various  other  factors.  Fur- 
thermore natural  lighting  fails  at  the  end  of  each  day  and  is 
often  inadequate  during  the  day  and  its  distribution  in  interiors 
is  not  often  ideal. 

The  cost  of  natural  lighting  is  of  interest  to  everyone  if  for 
no  other  reason  than  that  its  recognition  tends  to  make  us  more 
lenient  toward  our  artificial-lighting  bills.  But  the  cost  of  nat- 
ural lighting  and  certain  undesirable  characteristics  such  as  un- 
dependability,  difficulty  of  control,  and  its  inadequacy  in  con- 
gested districts  afford  questions  of  real  economic  interest.  Where 
land-values  are  extremely  high,  light-courts  and  even  windows 
place  a  burden  upon  natural  lighting  worthy  of  consideration 
from  an  economic  standpoint.  Of  course,  we  must  have  ventila- 
tion in  buildings  but  the  present  areas  of  windows  and  of  light- 
courts  are  usually  more  than  adequate..  In  fact  artificial  ventila- 
tion is  practised  to  some. extent  and  can  serve  us  adequately  and 
oft-times  better  without  depending  upon  natural-lighting  openings. 

But  it  is  not  the  aim  of  this  paper  to  discuss  the  advantages 
and  disadvantages  of  natural  lighting.  Such  a  discussion  would 
lead  far  afield  and  would  finally  become  entangled  in  opinions  and 
speculations.  The  aim  is  to  compare  the  cost  of  natural  lighting 
with  that  of  artificial  lighting. 

One  of  the  authors^  has  discussed  this  subject  in  various  places 
during  the  past  ten  years  chiefly  with  the  hope  that  architects 
might  be  aroused  to  give  greater  consideration  to  this  aspect  of 
natural  lighting  and  to  publish  discussions  of  the  subject.  Not 
having  seen  any  data  published  by  architects  we  have  set  our- 
selves the  task  of  making  certain  computations  and  estimates 
assuming  what  we  believe  to  be  representative  cases  and  avoiding 

1  M.  IvUckiesh,  lyiffht.  Jour.,  Vol.  4,  Oct.,  Tqi6,  p.  229;  Ilium.  Engr.,  lyondon,  Nov., 
iqi6;  The  I<ighting  Art,  McGraw-Hill,  1917;  Artificial  lyight— Its  Influence  on  Civiliza- 
tion, 1920. 
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extreme  cases.  The  results  certainly  indicate  approximately  the 
costs  of  artificial  and  of  natural  lighting.  From  them  it  is  seen 
that  the  cost  of  natural  lighting  is  appreciable.  The  results 
show  that  there  are  real  economic  questions  to  consider  in  provid- 
ing natural  lighting.  As  our  cities  become  more  congested  it 
appears  probable  that  natural  lighting  must  give  way  more  and 
more  to  artificial  lighting.  Furthermore  in  certain  buildings  we 
are  bold  enough  to  state  that  natural  lighting  should  be  excluded 
in  favor  of  artificial  lighting. 

In  making  these  computations,  estimates  are  unavoidable  and 
conditions  are  extremely  variable.  Therefore  the  results  may 
not  indicate  more  than  a  general  approximation  of  the  costs. 
However,  the  computations  were  made  in  great  detail,  with  the 
intention  of  conservative  judgment,  and  the  data  employed  in 
each  case  are  representative  of  actual  existing  buildings.  We 
present  only  a  few  of  the  many  details  of  computation  but 
enough,  we  hope,  to  enable  anyone  to  criticize  or  to  modify  the 
results  in  accordance  with  his  judgment.  To  recapitulate,  we 
make  no  greater  claim  for  the  results  than  to  show  the  approx- 
imate costs  of  artificial  and  of  natural  lighting  in  a  number  of 
representative  types  of  modern  buildings,  such  as  residences, 
apartment  buildings,  office  buildings,  hotels,  and  other  public 
buildings. 

In  computing  the  cost  of  artificial  illumination  attention  is 
confined  only  to  electric  lighting  with  incandescent  filament  lamps, 

COST  OF  NATURAL  LIGHT 

In  estimating  the  initial  cost  of  natural  lighting  obtained  by 
means  of  windows,  we  include  the  cost  of  window-frames,  sash, 
glass,  accessories,  trimmings,  installation  and  painting,  less  the 
cost  of  wall  and  plaster  replaced  by  the  window.  To  this  initial 
net  cost  of  window  is  added  the  cost  of  extra  radiation  and  heat- 
ing system  recjuircd  to  supply  the  increased  heat  loss  of  window 
surface  over  wall-area.  Overhead  skylights  are  treated  in  a 
similar  manner. 

The  annual  cost  of  natural  lighting  includes  the  interest  at 
6  per  cent  on  the  net  initial  eost  of  windows  and  heating  system, 
net  annual  repair  and  depreciation  of  windows  and  additional 
heating  system,  the  cost  of  washing  of  windows,  and  the  cost  of 
fuel  to  supply  the  additional  heat  loss. 
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Strictly  the  cost  of  artificial  lighting  used  to  reinforce  natural 
lighting  in  the  daytime  should  be  charged  to  natural  lighting  thus 
reducing  the  costs  of  artficial  lighting  and  increasing  those  of 
natural  lighting.  This  applies  to  some  extent  to  all  interiors 
but  this  cost  has  not  been  charged  to  natural  lighting.  However 
it  is  included  in  the  cost  of  artificial  lighting. 

We  have  not  included  in  the  cost  of  natural  lighting  such  items 
as  window-shades,  the  spoilage  and  cleaning  of  interiors  and  fur- 
nishings due  to  dust  and  to  leaks  and  various  related  items.  We 
have  confined  the  maintenance  charge  solely  to  the  window  and 
sky-light  areas. 

COST  OF  ARTIFICIAL  ELECTRIC  LIGHTING 

The  initial  investment  of  electric  lighting  includes  the  cost  of 
electric  wiring  and  cabinets,  wall  and  ceiling  fixtures,  table  and 
floor  lamps,  shades  and  reflectors,  and  other  similar  equipment. 

The  annual  cost  of  electric  lighting  includes  the  interest  on  the 
initial  outlay,  depreciation  and  repairs,  lamp  renewals,  and  the 
cost  of  electric  energy. 

The  cost  of  artificial  lighting  includes  even  those  which  could 
be  justly  charged  to  natural  lighting  when  the  former  is  used  to 
reinforce  inadequate  natural  lighting  in  the  daytime.  This  applies 
to  some  extent  in  all  interiors,  for  example  in  basements  and 
closets  of  residences,  in  hallways,  in  offices,  in  hotel  rooms,  etc., 
natural  lighting  in  the  daytime  is  often  reinforced  by  artificial 
lighting. 

I.    SEVEN-ROOM  FRAME  HOUSE  WITH  HOT-WATER  HEAT 

SLlGHTlvY  ABOVE  AVERAGE  ARTIFICIAL-LIGHTING  EQUIPMENT 

Natural  Artificial 

lighting  lighting 


Initial  cost  of  installation  $601  $265 

Total  annual  cost  of  lighting  93  75 

Natural  Lighting. — In  estimating  the  cost  of  natural  lighting  in 
residences  let  us  consider  first  a  modern  two-story  frame  building, 
about  2y  feet  x  30  feet  plan,  which  includes  a  living-room,  dining- 
room,  kitchen,  three  bedrooms,  a  bath,  hallways,  basement,  and 
front  and  back  porches.  In  this  house  there  are  14  windows 
36  inches  x  57  inches,  six  windows  30  inches  x  42  inches,  and  7 
windows  33  inches  x  24  inches,  or  a  total  of  about  288  square  feet 
of  window  area.    The  cost  per  window  for  these  three  sizes  are 
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$27.75,  $i7-00,  and  $10.75  respectively,  or  about  $1.95  per  square 
foot  of  window.  Deducting"  $0.37  per  square  foot  for  weather- 
boarding  and  plastering  replaced  by  window,  the  net  costs  respec- 
tively for  each  size  of  window  are  $22.50,  $13.75,  and  $8.70  or 
about  $1.58  per  square  foot  of  window.  Since  there  are  288  square 
feet  of  window  surface,  the  initial  net  cost  of  windows  is  $455. 
According  to  our  estimates  and  assumptions  the  interest  at  6  per 
cent  upon  this  initial  investment  of  $455  is  $27.30;  the  deprecia- 
tion at  2.83  per  cent  is  $12.85  5  the  repairs  and  painting  of  these 
2^  windows  per  year,  less  the  cost  of  painting  the  weather- 
boarding  is  about  $6.25;  and  the  cost  of  washing  them  four 
times  a  year  is  about  $11.50.  Therefore  the  total  cost  of  main- 
taining them  is  $57.90  per  annum. 

According  to  our  assumption  of  temperature  differences  and 
radiation  our  estimates  indicate  that  0.283  square  feet  of  addi- 
tional radiation  is  required  for  each  square  foot  of  window  area 
to  supply  the  net  heat  loss  chargeable  to  windows.  Assuming 
the  cost  of  a  hot-water  system  to  be  $1.80  per  square  foot  of 
radiation  the  initial  cost  of  heating  system  would  be  $0.51  per 
square  foot  of  window  or  a  total  of  $146  for  the  288  square  foot 
of  windows  in  the  house  to  supply  the  net  heat  loss  due  to 
windows. 

The  annual  charge  for  heating  these  288  square  feet  of  window 
area  would  include  interest  upon  the  $146  at  6  per  cent  or  $8.76, 
depreciation  at  3.4  per  cent  or  $4.97,  repairs  of  about  $0.82,  and 
the  cost  of  coal  at  $10.50  per  ton  when  the  furnace  is  operated 
at  half  capacity  for  seven  months  of  the  year  or  about  $20.70 ; 
or  a  total  annual  cost  of  supplying  the  heat  lost  through  windows 
of  about  $35.25. 

On  summarizing  we  obtain  the  costs  of  natural  lighting  pre- 
sented at  the  beginning  of  this  section. 

Artificial  Lighting. — In  estimating  the  cost  of  lighting  this 
house  by  electricity  let  us  assume  first  a  mcagerly  cquij^ped  home 
but  somewhat  above  the  average  as  shown  by  a  survey  which  is 
now  in  progress.  We  assume  for  this  home  a  ccihng-tixturc.  two 
jxjrtable  lamps,  and  two  convenience  outlets  for  the  livini*"  room  ; 
one  ceiling-fixture,  one  i)ortal)le  and  one  convenience  outlet  for 
the  dining  room;  one  ceiling-fixture  and  one  convenience  outlet 
for  tile  kitchen  ;  one  ceiling-fixture,  oiu*  portable  l.nnp,  and  one 
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convenience  outlet  for  each  of  the  bed  rooms ;  two  wah-brackets 
in  the  bathroom,  one  ceiling-fixture  and  one  convenience  outlet 
in  the  hallway ;  one  ceiling-fixture  on  the  porch ;  three  drop  cords 
in  the  basement.  According  to  our  assumption  these  represent 
an  initial  cost  at  $5  per  outlet  of  $ICX)  for  wiring;  $100  for 
fixtures ;  and  $65  for  portables ;  or  a  total  initial  cost  of  $265. 

The  annual  charge  against  electric  lighting  includes  interest 
at  6  per  cent  on  the  investment  equal  to  $15.90;  depreciation  on 
the  wiring  at  3  per  cent,  depreciation  on  the  portables  at  5  per 
cent,  depreciation  on  the  fixtures  at  4  per  cent  or  a  total  deprecia- 
tion of  $10.25  P^^  annum ;  an  annual  repair  of  $7.90 ;  lamp  renew- 
als of  $4.35 ;  and  the  cost  of  460  kw-hr  of  energ}^  at  $0.08  per 
kw-hr  or  $36.80.  Therefore  the  annual  cost  of  electric  lighting 
is  $75.20  according  to  these  assumptions.  A  summary  of  total 
costs  is  presented  at  the  beginning  of  this  section. 

II.    SEVEN-ROOM  BRICK  vs.  FRAME  HOUSE 

SAME  UGHTING  EQUIPMENT  AS  IN    I 

Natural  ligTiting 


Brick 

Frame 

$505 

$601 

86 

93 

Initial  cost  of  installation 
Total  annual  cost  of  lighting 

For  a  comparison  between  the  costs  of  lighting  a  frame  and 
brick  residence  let  us  consider  a  two-story  brick  house  of  the 
same  size  as  the  frame  building,  with  the  same  number  and  area 
of  windows,  and  an  identical  heating  plant. 

The  initial  cost  per  square  foot  of  window  is  assumed  to  be 
$1.95  and  the  cost  per  square  foot  of  brick  wall  replaced  by 
window  to  be  about  $0.65,  therefore  the  initial  net  cost  per  square 
foot  of  window  is  $1.30  and  the  initial  total  cost  for  288  square 
feet  of  windows  is  $374. 

The  interest  at  6  per  cent  upon  this  initial  net  cost  is  $22.45  '> 
depreciation  at  2.83  per  cent  is  $10.60;  net  repairs  and  painting 
is  $9.60;  and  washing  is,  as  before  $11.50.  Therefore  the  annual 
charge  for  the  27  windows  is  $54.15. 

The  heat  loss  per  square  foot  of  window,  72.1  B.  t.  u.  per  hour, 
is  the  same  for  the  brick  house  as  the  frame  house.  However 
the  net  heat  loss  per  square  foot  of  window  is  computed  to  be 
44.8  B.  t.  u.  per  hour  as  compared  with  49.7  B.  t.  u.  per  hour  in 
the  case  of  the  frame  house.     The  initial  cost  of  the  hot-water 
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heating  required  for  supplying  the  net  heat  losses  from  the 
windows  is  found  to  be  $131.40  and  the  annual  cost  of  this 
additional  heating  including  interest,  depreciation,  repairs,  and 
fuel  is  found  to  be  $31.75. 

On  summarizing  we  obtain  the  comparative  costs  of  natural 
lighting  presented  at  the  beginning  of  this  section,  for  the  brick 
and  the  frame  house. 

III.    SEVEN-ROOM  BRICK  HOUSE 

ADEQUATE  LIGHTING  EQUIPMENT 

Natural  Artificial 

lighting  lighting 


Initial   cost   of   installation  $658  $610 

Total  annual  cost  of  lighting  in  120 

In  order  to  obtain  a  further  comparison  of  the  natural  and 
artificial  lighting  of  residences  we  have  considered  a  more  ade- 
quately lighted  house.  A  total  window  area  of  374  square  feet  is 
assumed  and  a  more  elaborate  electric  lighting  equipment  was 
provided. 

Assuming  the  same  conditions  as  in  the  previous  cases  we  find 
the  net  initial  cost  of  windows  to  be  $486.20.  The  annual  cost 
consists  of  the  following  items:  interest,  $29.17;  depreciation  at 
2.83  per  cent  or  $13.75;  repairs  at  2.5  per  cent  or  $12.15;  and 
washing  four  times  per  year  or  $14.96.  The  total  annual  cost 
of  windows  is  found  to  be  $70.03. 

Assuming  the  same  heat  losses  per  square  foot  the  initial  cost 
of  heating  system  to  supply  the  net  heat  loss  is  $171.60.  The 
annual  cost  of  supplying  the  heat  loss  consists  of  the  following 
items:  interest,  $10.30;  depreciation  $5.84;  repairs  $0.96;  fuel 
$24.30.  The  total  annual  cost  of  heating  system  to  supply  the 
net  heat  loss  is  $41.40. 

This  seven-room  house  c'(iuij)|)ed  for  adequate  lighting  is 
assumed  to  have  the  following  cciuipment.  The  living-room 
contains  a  ceiling- fi.xture,  one  table  lamj).  one  tloor-lamp.  two 
can(ile-lam))s  and  four  convenience  outlets;  the  dining  room 
contains  a  ceiling-fixture,  two  wall-brackets  and  one  conven 
iencc  outkt  ;  the  kitchen  contains  a  ceiling-fixture,  a  drop-cord  or 
wall-bracket,  and  two  convenience  outlets;  each  of  the  three  bed- 
rooms contains  a  ceiling  lixture.  two  wall-brackets,  a  table  lainj) 
and   two  eonvenienre  outlets;   the   b.ith  room   contains   two   wall 
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brackets  and  a  convenience  outlet ;  each  of  the  two  hallways  con- 
tains a  ceiling-fixture  and  a  convenience  outlet;  each  of  the  two 
porches  contains  a  ceiling-fixture  and  a  convenience  outlet ;  and 
the  basement  contains  four  drop-cords  and  a  convenience  outlet. 

The  initial  investment  in  this  more  adequately  equipped  seven- 
room  house,  therefore,  includes  the  expense  of  fifteen  ceiling- 
outlets,  ten  wall-bracket  outlets  and  19  convenience  outlets,  all 
at  $5  per  outlet  or  a  total  of  $220  for  electric  wiring;  it  includes 
$245  for  fixtures ;  and  $143  for  table  and  floor  lamps ;  or  a  total  of 
$610  for  electric  wiring,  fixtures  and  portables. 

The  annual  cost  of  the  artificial  lighting  consists  of  an  interest 
charge  of  $36.60 ;  depreciation  of  $23.65 ;  repairs  of  $6.85 ;  lamp 
renewals  of  $5.06,  and  the  cost  of  598  kw-hr,  of  energ\'  at  $0.08 
per  kw-hr.  or  $47.84  for  electric  energ}^  This  is  a  total  for 
electric  lighting  of  $120  per  annum. 

The  summary  of  costs  is  presented  at  the  beginning  of  this 

section. 

IV.    FIVE-ROOM  BRICK  APARTMENT 

STEAM- HEATED 

Natural  Artificial 

lighting  lighting 


Initial   cost   of   installation  $225  $230 

Total  annual  cost  of  lighting  39  65 

It  is  assumed  that  this  steam-heated  five-room  apartment  has 
only  one-half  the  windov/  area  as  the  first  house  considered  or  144 
square  feet  and  that  the  electric  lighting  is  meager  but  representing 
the  average  condition. 

Using  the  same  assumptions  and  conditions  as  in  previous 
cases  the  initial  net  cost  of  the  windows  is  found  to  be  $187.20 
and  the  net  annual  cost  of  these  windows  to  be  $27.22. 

The  initial  cost  of  the  steam-heating  system  is  assumed  to  be 
$1.40  per  square  foot  of  radiation.  The  annual  cost  per  square 
foot  of  radiation  is  computed  to  be  $0,146  including  interest, 
depreciation,  and  repairs ;  and  the  cost  of  fuel  is  computed  to  be 
$0.28  per  square  foot  of  radiation  per  annum.  The  initial  cost 
of  the  heating  system  to  supply  the  net  heat  loss  of  the  windows 
is  found  to  be  $37.80.  The  total  annual  cost  to  supply  the  heat 
losses  due  to  windows  is  found  to  be  $11.50. 

The  summary  of  costs  chargeable  to  natural  lighting  are 
presented  at  the  beginning  of  this  section. 
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In  this  apartment  there  are  assumed  to  be  live  ceiling-outlets, 
two  wall-brackets,  and  five  convenience  outlets  which  at  $7.50  per 
outlet  represent  an  initial  cost  of  $90.00  for  wiring. 

An  allowance  of  $85  is  made  for  fixtures  and  $55  for  brackets 
making  a  total  initial  cost  of  $230.00. 

The  annual  cost  consists  of  the  following  items :  inter- 
est, $13.80;  depreciation,  $9.13;  repairs,  $2.60;  lamp  renewals, 
$3.83;  443  kw-hrs.  at  $0.08  per  kw-hr.  or  $35.44  for  electric 
energy.    This  totals  $64.80  per  year  for  electric  lighting. 

V.  MODERN  HOTEL;  ROOM  AND  BATH 

Natural  Artificial 

lighting  lighting 


Initial  cost  of  installation  $161  $115 

Total  annual  cost  of  lighting  14  14 

We  assume  a  hotel  in  the  down-town  section  of  Cleveland, 
for  instance  where  real  estate  is  worth  $60  per  square  foot;  we 
assume  that  the  building  is  14  stories  high;  that  13  per  cent  of 
the  pMDssible  floor  space  is  sacrificed  for  light-courts ;  that  the 
building  is  one-story  high  above  ground  on  light-courts  and  cov- 
ered with  sky-lights  over  one-fourth  this  area.  We  further 
assume  that  a  system  of  heating  and  ventilation  is  installed  for 
washing  and  heating  the  air. 

Assuming  the  initial  cost  of  a  high-class  pressed-steel  frame 
window  is  $2.50  per  square  foot,  and  the  brick  wall  replaced 
is  $0.75  per  square  foot  or  a  net  cost  per  square  foot  of  $1.75, 
with  interest  at  6  per  cent,  depreciation  at  3  per  cent,  repairs  0.6 
per  cent,  and  washing  four  times  per  year  at  $0.01  per  square 
foot  the  annual  cost  per  square  foot  becomes  $0,208.  Assuming 
a  room  and  bath  to  have  but  one  4  foot  x  6  foot  window  the 
initial  net  cost  of  window  would  be  $42.00,  and  the  annual  cost 
of  interest,  depreciation,  repair  and  washing  would  be  $5. 

Assuming  an  initial  cost  for  the  heating  and  ventilating  sy.stem 
of  $5.50  per  square  foot  of  radiation,  and  an  interest  of  6  per  cent, 
depreciation  of  3.4  per  cent,  repairs  of  0.6  per  cent,  and  fuel  at  $7 
per  ton  to  opernte  the  heating  system  at  half  capacity  for  seven 
months  of  the  year,  and  electric  energy  for  the  ventilating  fans 
at  one-fourth  the  cost  of  fuel,  then  the  annual  cost  of  operating 
one  square  foot  of  radiation  becomes  $0.80.  Since  one  square 
foot  of  window  is  conif^uted  to  lose  a  net  anioniit  of  heat  of  .\.\.H 
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B.  t.  u.  per  hour,  one  square  foot  of  window  requires  0.187 
square  feet  of  radiation.  Therefore  the  initial  cost  of  heating 
and  ventilating  systems  required  per  square  foot  of  window  is 
$1.03 ;  and  the  annual  cost  for  heating  one  square  foot  of  window 
is  $0.15.  Therefore  the  initial  net  cost  of  heating  and  ventilating 
system  for  the  24  square  feet  of  window  surface  for  a  room  and 
bath  is  $24.72 ;  and  the  annual  cost  is  $3.60. 

Assuming  real  estate  worth  $60  per  square  foot  the  building 
14-stories  high  and  13  per  cent  of  possible  floor  space  taken 
up  in  light-courts,  the  net  cost  of  real  estate  per  square  foot  of 
floor  is  $0.56.  If  the  room  and  bath  be  assumed  to  contain  168 
square  feet  of  floor  space,  the  initial  cost  of  real  estate  chargeable 
against  light-courts  is  $94.08,  and  the  annual  charge  for  interest 
at  6  per  cent  is  $5.65. 

The  large  portion  of  the  cost  of  natural  lighting  which  is  due 
to  the  area  occupied  by  light-courts  makes  this  a  matter  of  con- 
cern. Where  land-values  are  still  higher  the  cost  of  light-courts 
becomes  even  more  important. 

Summarizing  we  obtain  the  costs  presented  at  the  beginning 
of  this  section. 

Assuming  that  we  have  one  ceiling-outlet,  two  wall-bracket 
outlets  and  one  convenience  outlet  in  each  room,  and  two  wall- 
bracket  outlets  and  a  convenience  outlet  in  each  bath  and  allow- 
ing $10  per  outlet  we  find  the  initial  cost  of  wiring  to  be  $70. 
If  in  addition  to  the  fixtures  there  is  a  table-lamp  we  assume  an 
initial  cost  of  fixtures  and  portables  to  amount  to  $45  or  a  total 
initial  cost  of  electric  wiring,  fixtures  and  portables  of  $115. 

The  total  annual  charge  will  consist  of  a  charge  of  $6.90  for 
interest,  of  $2.27  for  depreciation,  of  $1.18  for  repairs,  of  $0.99 
for  lamp  renewals,  and  a  charge  for  65  kw-hr.  of  electric  energy  at 
$0.04  or  $2.60.  These  represent  an  annual  cost  of  $13.94  for 
electric  lighting  for  a  room  and  bath. 

VI.    A  SUITE  OF  OFFICE  ROOMS 

Natural  lighting        Artificial  lightinjf 

without  with 

lipfht-court        lipht-court 

Initial  cost  of  installation  $667  $1,584  $^76 

Total  annual  cost  of  lighting  86  141  290 

In  such  a  case  as  the  hallway  assumed  in  this  suite,  artificial 
light  must  be  used  a  considerable  portion  of  the  day.    This  is  also 
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true  of  artificial  light  in  the  offices.  Strictly,  the  costs  of  artificial 
light  to  reinforce  the  natural  lighting  should  be  charged  against 
natural  lighting.  This  has  not  been  done  but  if  it  had  been  done 
the  costs  of  artificial  lighting  would  have  been  reduced  and  the 
costs  of  natural  lighting  would  have  been  correspondingly  in- 
creased. 

For  a  comparison  of  natural  and  artificial  illumination  we  have 
assumed  a  suite  of  rooms  in  an  office  building  consisting  of  six 
14  feet  X  16  feet  offices  with  three  offices  on  a  side  and  a  7-foot 
hallway  between.  We  assume  further  that  each  room  is  illum- 
inated by  two  4  feet  x  5  feet  windows  and  by  four  2(X>-watt  semi- 
indirect  ceiling-fixtures,  and  that  the  air  for  ventilation  is  washed 
and  heated  before  being  circulated. 

Assuming  a  net  initial  cost  per  square  foot  of  window  to  be 
$1.75  and  its  annual  cost  to  be  $0,208,  we  find  the  initial  net  cost 
for  windows  in  the  whole  suite  to  be  $420;  and  the  annual  cost 
to  be  $49.92. 

The  heating  system  necessary  to  supply  the  heat  losses  due 
to  windows  assume  as  in  the  hotel,  to  have  an  initial  net  cost  per 
square  foot  of  window  of  $1.03 ;  and  the  annual  cost  to  be  $0.15 ; 
therefore,  the  initial  cost  of  heating  system  to  supply  the  net 
loss  of  heat  through  windows  is  $247.20  and  the  annual  cost  is 

136. 

Summarizing  we  find  the  costs  as  presented  at  the  beginning 
of  this  section. 

Assuming  four  semi-indirect  ceiling-fixtures  and  three  con- 
venience outlets  in  each  office  and  one  direct  ceiling-fixture  in 
the  hall,  we  have  at  $10  per  outlet,  a  total  initial  cost  of  $430 
for  electric  wiring.  Assuming,  $22.50  for  each  office  fixture  and 
$6  for  the  hall  fixture  we  obtain  a  total  initial  cost  of  $546  for 
fixtures  or  a  total  initial  cost  of  wiring  and  fixtures  of  $976. 

The  annual  cost  of  electric  lighting  according  to  the  assump- 
tions and  computations  consists  of  $58.56  for  interest,  of  $21.84 
for  depreciation,  of  $9.76  for  repairs,  of  $36.90  for  lamp  re- 
newals, and  of  the  cost  of  4,080  kw-hr  at  $0.04  or  $163.20  for 
electric  energy.  These  represent  a  total  annual  cost  for  a  suite 
of  six  rooms  and  hall  of  $2(^.26  for  artificial  lightini;. 

If  \vc  assumed,  as  in  the  case  of  the  hotel  tliat  there  be  an 
initial  cost  of  $0.56  per  square  foot  of  floor  area  for  light-courts, 
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the  initial  cost  of  natural  lighting  would  be  increased  by  $917.28 
and  would  become  $1,584.48;  and  the  annual  cost  of  natural  light- 
ing would  become  $140.96. 

The  costs  are  summarized  at  the  beginning  of  this  section. 

ART  MUSEUM 

VII.    TOP-LIGHTED  PAINTINGS'  GALLERY,  33  FEET  x  115  FEET 

WITH  LOUVERS  FOR  CONTROLLING  DAYLIGHT  AND  ARTIFICIAL 

LIGHTING  UNITS  ABOVE  THE  SUB-SKYLIGHT 

Natural  Artificial 

lighting  lighting 


Initial  cost  of  installation  $8,017  $4.5.SO 

Total  annual  cost  of  lighting  942  720 

We  have  assumed  an  art  museum,  built  of  marble,  in  which 
some  of  the  rooms  are  top-lighted  by  means  of  skylights  and 
others  are  side-lighted  by  means  of  windows.  We  have  estimated 
the  cost  of  natural  lighting  with  and  without  louvers  for  con- 
trolling the  light. 

First  let  us  assume  a  group  of  top-lighted  paintings'  galleries 
with  southern  exposure,  having  a  roof -skylight  and  a  sub-skylight 
and  a  system  of  louvers  for  controlling  the  daylight.  The  artificial 
lighting  units  are  above  the  sub-skylight. 

The  group  of  rooms  have  a  total  floor  space  33  feet  x  115  feet; 
the  outer  skylight  is  28  feet  x  115  feet,  and  the  sub-skylight  is 
23  feet  X  1 1 5  feet.  Assuming  a  net  cost  of  $0.20  per  square  foot 
for  the  outer  skylight  and  $0.80  for  the  sub-skylight,  we  have  an 
initial  cost  of  outer  and  inner  skylights  of  $2,770.  Assuming  an 
annual  cost  per  square  foot  of  $0,044  for  the  outer  skylight  and 
$0,146  for  the  sub-skylight,  the  total  cost  for  interest,  deprec- 
iation, repair  and  washing  of  skylights  becomes  $472  per  annum. 

The  initial  cost  of  adequate  louvers  to  control  the  daylight  is 
estimated  to  be  $4,500;  and  assuming  an  interest,  depreciation, 
repair  and  maintenance  charge  of  7.5  per  cent,  the  annual  cost 
becomes  $337.50  for  the  controlled  system  of  natural  lighting. 

Estimating  a  net  loss  of  8.7  B.  t.  u.  per  hour  per  square  foot  of 
sub-skylight  and  estimating  the  initial  and  annual  cost  per  100 
B.  t.  u.  per  hour  of  capacity  to  be  $3.25  and  $0,575  respectively 
we  obtain  an  initial  cost  of  additional  heating  and  ventilating 
system  of  $747 ;  and  an  annual  cost  of  interest,  depreciation, 
repair,  and  fuel  cost  of  $132  for  supplying  the  net  heat  losses. 
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Summarizing  we  obtain  the  costs  of  natural  lighting  as  pre- 
sented at  the  beginning  of  this  section. 

For  artificial  illumination  let  us  assume  that  above  the  sub- 
skylight  which  is  of  "pebbled"  wire  glass  there  are  130  150- 
watt  Mazda  daylight  lamps  fitted  with  silvered  glass  projector 
units.  Assuming  an  initial  cost  of  $20  per  outlet  for  wiring  and 
$15  per  lighting  unit  we  obtain  an  initial  investment  cost  of  $2,600 
for  wiring  and  $1,950  for  lighting  units  or  a  total  initial  cost  of 
$4,550.  Allowing  an  interest,  depreciation  and  repair  charge  of 
7.25  per  cent,  and  an  energy  consumption  of  7,120  kw-hr  per 
annum  at  $0.04,  we  obtain  an  anual  cost  of  $329.88  for  interest, 
depreciation  and  repair,  a  cost  of  $105  for  lamp  renewals,  and 
a  cost  of  $284.70  for  electric  energy  or  a  total  annual  cost  of 
$719.58  for  electric  lighting. 

VIII.    TOP-LIGHTED  PAINTINGS'  GALLERY,  52  x  88  FEET 

WITHOUT  LOUVERS  BUT  WITH  LIGHTING  UNITS  ABOVE 

SUB-SKYLIGHT 

Natural  Artificial 

lighting:  liSfhting 


Initial  cost  of  installation  $3,254  $4,088 

Total  annual  cost  of  lighting  577  479 

This  gallery  is  assumed  not  to  have  louvers  to  control  natural 
lighting  and  is  lighted  by  means  of  a  large  number  of  units  above 
the  sub-skylight  the  light  being  reflected  generally  downward. 
In  this  case  we  have  assumed  a  floor-area  52  feet  x  88  feet  which 
is  lighted  by  a  roof-skylight  covering  the  entire  room  and  by  a 
sub-skylight  30  feet  x  72  feet. 

Using  the  same  estimates  as  in  the  previous  case  we  obtain  an 
initial  cost  of  skylights  of  $2,643  ♦^"^^^  ^^^  annual  cost  of  skylights 
of  $469.  Using  the  same  estimates  for  cost  of  heat  loss  we  obtain 
an  initial  cost  of  $611  and  an  annual  cost  of  $108  to  supply  the 
net  heat  loss.  Summarizing  we  obtain  the  costs  of  natural  lighting 
presented  at  the  beginning  of  this  section. 

Ivtr  artificial  ilhimination  we  have  assumed  that  tho  sub- 
skylight  is  etched  wired  glass  and  that  the  lighting  units  are  placed 
between  the  skylight  and  the  sub-skylight.  'Phcre  arc  32  outlets 
cfjuipped  with  150-watt  Mazda  daylight  lanij)s  and  mirrored  glass 
ivflecior^;  and  1S8  outlets  c(|uip|)e(l  with  50  watt  Mazda  daylight 
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lamps  and  metal  reflectors.  Assuming  the  initial  cost  of  the 
electric  wiring  to  be  $12  per  outlet,  the  total  initial  cost  of  wiring 
would  be  $2,640.  Assuming  the  initial  cost  of  fixtures  to  be  $10 
per  ftiirrored  glass  reflector,  and  $6  per  metal  reflector  we 
find  the  total  initial  cost  of  fixtures  to  be  $1,448. 

With  interest  at  6  per  cent,  depreciation  on  wiring  and  fixtures 
I  per  cent,  and  repairs  0.25  per  cent  we  find  the  annual  costs  to 
be  $245.40  for  interest,  $40.90  for  depreciation,  $10.22  for  repairs, 
$46.20  for  lamp  renewals,  and  the  cost  of  3,410  kw-hr.  of  energy 
at  $0.04  or  $136.40  for  electric  energy;  a  total  annual  cost  of 
$479.12  for  artificial  lighting. 

IX.    SIDE-LIGHTED  GALLERIES,  33  FEET  x  88  FEET 

Natural  Artificial 

lighting  lighting 


Initial  cost  of  installation  $3,210  $1,800 

Total  annual  cost  of  lighting  308  214 

Now  let  us  consider  a  group  of  rooms  with  a  northern  exposure 
which  are  side-lighted  by  six  6  feet  x  13  feet  double  glazed  win- 
dows and  artificially  lighted  by  twelve  300-watt  Mazda  daylight 
lamps  in  enclosed  prismatic  glass  units. 

The  net  initial  cost  of  the  bronzed  frame  double  window  in 
white  marble  walls  is  estimated  to  be  $6  per  square  foot  therefore 
the  initial  net  cost  of  the  468  square  feet  of  windows  is  $2,808. 

Assuming  interest  at  6  per  cent,  depreciation  at  0.8  per  cent, 
repairs  at  0.3  per  cent,  and  washing  four  times  per  year  at  $0.02 
per  square  foot  of  window,  the  annual  cost  is  $0,506  per  square 
foot  of  window;  or  for  the  group  of  rooms  $236.81. 

Estimating  26.4  B.  t.  u.  net  loss  of  heat  per  square  foot  of  double 
window,  the  initial  net  cost  of  additional  heating  and  ventilating 
system  per  square  foot  of  window  is  $0.858 ;  and  the  annual  cost  is 
$0,152  per  square  foot  of  window.  Therefore  the  initial  cost  of 
heating  and  ventilating  system  to  supply  the  net  heat  loss  from 
the  windows  of  the  whole  group  of  rooms  is  $401.60  and  the 
annual  cost  of  the  additional  heating  and  ventilating  system  in- 
cluding fuel  is  $71.20. 

Sumarizing  we  obtain  the  costs  presented  at  the  beginning  of 
this  section. 
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Assuming  the  initial  cost  of  wiring  per  outlet  to  be  $75  and  the 
cost  per  enclosed  prismatic  unit  to  be  $75  we  obtain  for  the  12 
outlets  an  initial  cost  of  $900  for  wiring,  and  $900  for  fixtures  or 
a  total  investment  of  $1,800  for  electric  lighting. 

Assuming  6  per  cent  interest,  i  per  cent  depreciation,  0.25  per 
cent  for  repairs,  we  obtain  an  annual  cost  of  $130.50  for  invest- 
ment, depreciation  and  repairs.  Also  assuming  1,530  kw-hr  of 
electric  energy  consumed  per  annum,  the  cost  of  lamp  renewals 
is  $21.85  ^"^  of  electric  energy  at  $0.04  is  $61.20.  The  total 
annual  cost  of  artificial  lighting  according  to  these  estimates  is 

$213.55- 

CONCLUSION 

It  is  the  aim  of  this  paper  to  present  cost-data  pertaining  to 
natural  and  artificial  (electric)  lighting  systems  for  a  few  rep- 
resentative interiors.  In  making  these  computations  actual  build- 
ings have  been  used  as  a  basis  in  each  case  although  in  some 
cases  certain  minor  modifications  were  made  which,  in  our  judg- 
ment, made  them  more  generally  representative  of  their  class. 
In  the  interest  of  space  conservation  a  vast  number  of  details  of 
computations  and  estimates  have  been  omitted  in  the  preparation 
of  this  paper;  however  the  chief  assumptions  and  estimates  are 
presented.  It  should  be  recognized  that  conditions  upon  which 
costs  are  based  vary  considerably  but  having  chosen  actual  build- 
ings it  is  thought  that  the  costs  presented  in  the  foregoing  par- 
agraphs are  at  least  approximate. 

It  is  seen  that  the  cost  of  natural  lighting  is  of  the  same  order 
of  magnitude  as  that  of  artificial  electric  lighting  in  all  cases. 

It  is  not  suggested  that  we  eliminate  windows  from  residences 
but  is  felt  that  cognizance  of  the  fact  that  daylight  costs  are 
appreciable  in  residences  should  make  the  householder  more 
lenient  toward  the  costs  of  adequate  and  projx^r  artificial  lighting. 

In  the  case  of  office  buildings,  hotels,  museums,  and  other  public 
buildings,  especially  in  congestetl  districts  where  land-values  are 
excessive,  it  is  seriously  suggested  as  one  of  the  authors  has  sug- 
gested on  other  occasions,  that  the  cost  of  natural  lighting  be  given 
greater  consideration  in  general  than  in  the  jiast.  Klght-courts 
in  many  cases  contri]>ule  a  large  burden  of  cost  to  natural  light- 
ing and  in  many  of  our  oflices  and  hotel  rooms  they  do  not  provide 
adequate  natural  lighting.     In  oilier  words  (hiring  many  hours  of 
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a  year  artificial  lighting  must  reinforce  natural  lighting  even  in  the 
daytime.  But  in  the  foregoing  sections  this  has  not  been  changed 
to  natural  lighting,  but  has  been  borne  by  artificial  lighting. 

In  many  cases  windows  also  contribute  much  to  the  cost  of 
natural  lighting  by  utilizing  valuable  space. 

The  psychological  effect  of  the  absence  of  windows  is  well 
recognized  but  in  our  congested  cities  many  persons  must  work 
under  inadequate,  or  total  absence  of  daylight.  Many  night- 
workers  gain  little  or  no  advantage  from  windows  excepting  the 
psyschological  effect  of  ^'natural"  ventilation.  If  congestion  in- 
creases, economic  considerations  will  surely  compel  the  reduction 
of  areas  of  light-courts  and  of  windows  and  will  perhaps  elim- 
inate them  entirely  in  some  cases. 

Artificial  ventilation  and  adequate  artificial  lighting  can  supply 
the  actual  utilitarian  demands.  It  is  easy  to  prove  that  many  in- 
teriors existing  to-day  would  be  imprr^ved  as  work-places  if  the 
outlay  for  daylight  could  be  applied  to  the  rehabilitation  of  the 
artificial  lighting. 

In  some  cases,  such  as  museums,  there  appear  to  be  no  de- 
fensible reasons  for  not  eliminating  the  cost  of  daylight  in  some 
of  the  rooms  while  the  building  is  being  construced.  Adequate 
and  proper  means  of  artificial  lighting  can  be  installed,  operated, 
and  maintained  at  costs  comparable  with  and  in  some  cases  even 
less  than  adequate  natural  lighting  systems.  This  plan  applies 
particularly  to  spaces  in  the  central  portion  of  large  buildings, 
and  substitutes  for  more  or  less  undependable  natural  lighting, 
readily  controlled  modern  artificial  lighting. 

The  questions  involved  in  substituting  artificial  lighting  foi 
natural  lighting  are  numerous  and  complex  and  a  discussion  of 
them  would  lead  us  far  from  the  objective  of  this  paper.  Some  of 
them  have  been  briefly  touched  upon  to  show  why  we  set  ourselves 
to  the  task  of  estimating  the  cost  of  daylight.  This  phase  may 
form  the  basis  of  another  paper. 

DISCUSSION 

L.  B.  Marks:  The  work  of  Messrs.  Luckiesh  and  Holladay 
as  evidenced  in  this  paper,  is  worthy  of  most  serious  considera- 
tion. 
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About  six  or  seven  years  ago,  Mr.  Macbeth  and  I  appeared 
before  the  Heights  of  Buildings  Commission  in  the  City  of  New 
York,  on  the  question  of  the  cost  of  dayhght,  the  very  question 
that  Mr.  Luckiesh  is  taking  up,  and  we  both  came  to  the  same 
conclusion  that  Mr.  Luckiesh  has  come  to  in  his  paper,  although 
our  v/ork  related  to  office  buildings  very  largely.  The  Heights  of 
Buildings  Commission  was  taking  up  the  question  of  securing 
better  daylighting  facihties  in  the  new  buildings  that  were  going 
up  in  the  congested  districts  of  the  City  of  New  York,  and  was 
laying  the  foundation  for  a  zoning  law  to  restrict  the  height  of 
buildings.  The  Commission  wanted  to  find  out  where  the  line 
should  be  drawn,  and  in  that  connection  the  question  of  the  cost 
of  daylight  and  the  cost  of  artificial  light  arose.  Mr.  Macbeth's 
figures  I  thought,  were  very  convincing.  He  showed  that  in 
some  cases  it  would  not  pay  to  restrict  the  height  of  the  buildings, 
and  that  in  these  cases  artificial  light  would  be  actually  cheaper 
than  daylight. 

The  only  question  left  for  consideration  at  that  time  was :  "Can 
you  supply  an  artificial  lighting  system  that  is  as  good  as  natural 
lighting?"    Of  course  our  answer  was,  "Yes,  beyond  question." 

Norman  Macbktii  :  I  want  to  compliment  Mr.  Luckiesh  on 
digging  into  this  particular  field  and  putting  it  on  record;  there 
has  been  a  tremendous  amount  of  wrong  assumption  on  the 
apparent  low  cost  of  daylight  and  tremendously  high  cost  of 
artificial  light.  If  more  of  this  kind  of  work  can  be  done,  it  will 
help  us  in  rcndcrinj'^  the  right  kind  of  service,  in  terms  of  what 
that  service  is  worth. 

In  thai  co^l  connection,  when  people  bring  up  the  point  of  how 
niucli  more  can  be  saved  by  this  kind  of  lighting  as  against  that 
other  kind  of  lighting,  they  should  be  shown  how  few  these 
dollars  actually  are,  and  instead  of  sa\  ing  on  lii^ht  use  more  of  it, 
more  effectively  and  tuin  to  some  other  channel  to  save.  Mr. 
Luckiesh  has  referred  to  the  cost  of  cleaning  windows.  There  are 
very  few  offices  indeed  wlurc  the  rosi  of  towel  siTxice  and  ice 
water  does  not  exceed  the  cost  of  adequate  lighting  in  that  ofiice. 
There  are  few  i)laces,  as  we  ha\e  brought  out  in  school  discus 
sions  for  instance,  where  an  extra  piece  of  underwear  on  the 
children  and  a  litlle  less  heat  would  not  su])jilv  more  than  enough 
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money  to  double  the  lighting  intensities  and  make  the  lighting  at 
least  adequate. 

This  case  of  the  Heights  of  Buildings  Commission  Mr.  Marks 
referred  to  was  a  rather  odd  situation.  I  was  chairman  of  the 
Executive  Committee  of  the  I.  E.  S.  at  that  time  and  asked  Mr. 
Marks  to  accompany  me.  We  were  asked  to  appear  as  experts 
for  the  plaintiff  and  turned  out  to  be  helpful  to  the  defense.  The 
question,  as  I  recall  it,  put  by  the  Chairman  was :  "We  want  you 
gentlemen  to  tell  us  how  necessary  daylight,  natural  daylight,  is 
on  the  lower  floors  of  office  buildings  and  how  harmful  artificial 
light  is  on  the  eyes  of  the  workers." 

As  I  recall  the  incident,  one  comparison  I  used  was :  "Eet  us 
agree  that  artificial  light  costs  money.  We  believe  also  that  day- 
light costs  money.  Let  us  assume  that  you  cannot  have  a  down- 
town office  building  higher  than  four  stories,  with  the  present 
width  of  streets,  and  have  adequate  daylight  throughout  those 
floors.  That  means  you  are  going  to  have  to  build  office  build- 
ings in  the  marshes  of  New  Jersey  to  take  care  of  the  extra 
stories  you  are  going  to  pull  off  of  these  downtown  buildings. 
It  means  that  a  building  to-day  of  twelve  stories,  that  has  a  rental 
rate  of  $3.cxd  per  square  foot  per  annum,  has  got  to  come  down 
to  four  stories  and  have  a  rate  of  upwards  to  $12.00  per  square 
foot — a  300  per  cent  increase." 

It  happened  that  I  had  gone  to  this  meeting  a  little  early  and 
I  found  it  was  lighted  by  two  semi-indirect  fixtures  with  a  200- 
watt  lamp  in  each.  To  bring  about  a  comparison  between  day- 
light and  artificial  light — and  this  office,  incidentally,  was  on  about 
(he  twelfth  floor,  and  right  across  from  where  the  old  Equitable 
Building  used  to  be,  the  time  was  shortly  after  the  fire — I  said, 
"Gentlemen,  we  can  come  to  a  decision  on  this.  Let  us  pull  down 
the  shades  and  put  on  the  artificial  light.  You  have  been  sitting 
here  in  daylight  and  you  know  how  satisfactory  and  absolutely 
necessary  it  is;  just  look  around  now  and  size  it  up,  appraise  it. 
Then  we  will  pull  down  the  shades  and  put  on  the  artificial  light." 
We  did,  and  they  took  a  vote,  and  as  I  recall  it  the  vote  favored 
artificial  light.  The  cost  for  that  kind  of  lighting  did  not  exceed 
3  per  cent  of  the  present  annual  rental. 
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While  it  has  been  assumed  that  dayHght  is  free,  it  has  also  been 
assumed  that  it  is  pure,  and  daylight  near  our  street  surfaces  is 
far  from  it.  I  am  referring  now  of  the  use  of  daylight  for  color. 
It  has  been  the  custom  to  use  daylight  in  the  naming  of  colors. 
I  do  not  believe  daylight  should  be  used  exclusively  in  the  ob- 
servation of  colors.  I  had  this  matter  up  with  a  big  publishing- 
company  a  short  time  ago  and  I  asked  them  this  question :  "Have 
you  any  idea  of  the  reader-hours  under  artificial  light,  as  com- 
pared with  daylight?"  and  added,  "I  believe  if  you  check  it  up,  if 
you  can  secure  the  information,  and  are  considering  your  reader 
and  what  you  want  your  reader  to  see,  you  will  conclude  that  all 
this  important  passing  upon  color  ought  to  be  done  under  artificial 
light  and  not  exclusively  under  daylight." 

To  go  back  to  an  ordinary  illustration:  you  are  supposed  to 
use  distilled  water  in  a  storage  batter^-,  but  if  you  take  a  porcelain 
vessel  and  put  it  out  in  the  rain  and  catch  that  rain  water,  you 
will  get  pure  water  for  your  battery.  Yet  you  dare  not  take  it 
from  the  leaders,  nor  off  the  roof,  because  that  water  is  con- 
taminated, nor  would  you  consider  dipping  it  up  out  of  the  gutter. 
I  have  used  that  illustration,  comparing  the  possibility  of  purity 
of  light  with  water,  by  stating,  if  a  man  leaves  his  position  be- 
hind the  counter  in  a  store  and  is  on  the  way  over  to  the  water 
cooler  for  a  drink,  if  when  passing  the  front  door  on  his  way 
over  he  notes  that  it  is  raining,  he  will  not  say,  "Well,  I'll  just  take 
some  of  that  water  out  of  the  gutter  and  drink  it."  He  would 
not  think  of  it.  Yet  why  should  he  use,  in  accurate  color  work, 
the  kind  of  daylight  that  he  gets  on  any  of  the  lower  floors  in 
any  of  our  city  buildings. 

Samuel  G.  Hibben  :  In  venturing  a  word  about  this  paper, 
I  realize  I  am  sitting  at  the  feet  of  learning,  with  deference  to  the 
Chairman,  but  I  know  of  a  problem  in  connection  with  the  utiliza- 
tion of  daylight  which  was  interesting. 

It  is  well  known  that  one  of  the  biggest  costs  of  daylight  arises 
from  the  radiation  of  heat  through  a  glass  window  surface.  This 
led  to  the  development  or  the  attempt  to  develop  a  window  glass 
opaque  to  heat  but  translucent  to  light.  In  some  factories  that 
I  investigated,  \hv  radiation  of  lu-at  in  tin-  winter  tinu-  through 
the  windows  was  about  ten  tinus  tliat  lo.st  through  equivalent 
solid  concrete  walls. 
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A  glass  was  developed  of  slightly  amber  color,  and  was  tried 
first  in  the  skylights  of  large  shops,  in  an  attempt  to  keep  out 
the  excess  heat  of  the  sun  in  the  summer  time  and  conversely 
to  retain  the  heat  in  the  building  in  the  winter.  That  development 
has  not  been  entirely  satisfactory,  and  I  mention  it  here  be- 
cause work  is  now  being  done  by  some  of  the  glass  manufacturers 
to  use  prisms,  instead  of  color  in  the  body  of  the  glass,  and  to 
deflect  the  heat  by  those  prisms,  but  not  to  so  influence  the  light. 
That  is  something  I  hope  to  see  reported  before  the  Society  in  a 
year  or  two. 

A  survey  of  several  large  factory  buildings  gave  us  some  in- 
teresting facts,  not  the  least  of  which  was  that  illumination  on 
the  lower  floors  of  a  factory  building,  due  to  daylight,  was  quite 
frequently  greater  than  on  the  upper  floors,  and  the  tests  seemed 
to  indicate  that  the  illumination  coming  into  the  building  was 
largely  from  the  diffusion  of  light  from  the  neighboring  grounds, 
the  light  being  diffused  into  the  building  and  toward  the  ceiling. 
A  Hght  colored  factory  ceiling  under  those  conditions  greatly 
aided  the  illumination  toward  the  center  of  the  room. 

Ordinarily  a  person  is  surprised  at  the  large  variation  in  daylight 
when  retreating  from  the  windows.  The  curve  of  intensities  would 
not  be  symmetrical  with  regard  to  the  center  of  the  symmetrical 
building,  but  offset  to  the  south,  giving  us  more  daylight  illumina- 
tion along  that  side.  In  other  words,  we  might  have,  for  ten  feet 
in  from  the  south  wall,  a  higher  average  value,  than  ten  feet  in 
from  the  north.  And  if  a  building  was  constructed  in  such  a 
way  as  to  have  the  long  axis  north  and  south  then  as  the  sun 
passed  from  morning  to  evening,  we  would  have  high  daylight 
values  along  the  east  half  up  till  noon.  Toward  the  eveniHg  hours, 
the  curve  would  reverse  with  the  minimum  toward  the  east, 
natural  sunlight  coming  from  the  west.  That  led  of  course,  to 
an  attempt  to  have  the  factory  owner  or  manager  turn  on  his 
rows  of  artificial  lights  as  this  daylight  shifted.  In  other  words, 
we  would  have  artificial  lighting  from  two  or  three  rows  along 
the  west  ceilings  in  the  morning.  I  mention  this  because  the  out- 
come of  these  investigations  led  to  an  attempt  to  utilize  an  auto- 
matic artificial  light  switch,  which  is  another  subject  for  con- 
sideration and  further  discussion.     The  Government  for  similar 
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use  has  developed  a  "sun  valve,"  used  for  isolated  navigation 
lights,  but  which  I  believe  may  be  made  successful  in  buildings. 
It  is  a  switch,  which  will  as  daylight  fails,  automatically  turn  on 
some  rows  of  artificial  lights,  to  equalize  that  changing  conditions 
of  daylight. 

F.  C.  Caldwell  :  Closely  connected  with  what  Mr.  Hibben  has 
said,  there  is  not  only  the  matter  of  the  superior  distribution  of 
light  that  you  can  get  by  using  artificial  light  in  the  case  of  deep 
rooms,  but  there  is  also  the  point  that  in  some  cases,  if  you  do 
not  have  to  provide  daylight  at  the  center  of  the  room,  the  pos- 
sibility of  making  the  room  deeper  might  mean  an  important  re- 
duction in  the  cost  of  the  building. 

H.  W.  Desaix  :  I  believe  there  is  another  factor  which  enters 
into  the  cost  of  daylight  that  has  not  been  mentioned,  and  that  is 
the  cost  of  spoilage  through  sunlight.  I  am  interested  in  the 
textile  field,  and  principally  in  silk.  Unless  silk  in  a  loom  is  kept 
moving,  it  will  spoil  through  fading,  and  will  also  sag.  They 
have  to  keep  certain  tension  on  the  warp  in  order  to  keep  the 
stretch  for  the  shuttle  to  travel  across.  I  have  noticed  invariably 
that  architects  in  laying  out  a  building  for  silk  purposes  will  put 
on  a  saw-tooth  roof  and  steel  sash,  and  the  minute  they  do  that 
they  add  to  the  cost  of  special  shades,  and  make  it  necessary 
to  have  covers  for  every  loom.  That  is  not  only  magnified  over 
the  week  end,  for  instance  Saturday  afternoon  and  Sunday,  but 
also  during  the  day;  if  a  machine  has  to  be  shut  down  for  repairs, 
they  will  very  often  forget  to  cover  the  warp,  which  is  the  silk, 
and  not  work  on  the  machine  for  several  hours.  When  the  weaver 
comes  back  he  will  find  he  has  lost  his  tension,  an<l  when  the 
goods  are  finished  you  will  find  a  streak  in  it,  which  increases 
the  number  of  seconds. 

Geo.  a.  HoadlKv  :  I  h()i)c  wlu'ii  you  have  succcedctl  in 
eliminating  daylight  from  our  city  buildings  that  }()ii  will  pcrniit 
us  to  retain  just  a  little  daylight  for  those  who  have  to  five  in  the 
country.  (Laughter).  If  the  only  purpose  of  a  window  was  to 
introduce  daylight  into  a  home,  then  we  could  close  u[)  all  our 
walls  and  have  walls  like  that  of  a  ceitain  uiorgue-like  building 
that  is  near  my  home,  that  belongs  to  a  college  fraternity,  into 
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which  they  do  not  want  outside  people  to  look.  But  I  have  a  little 
satisfaction  in  looking  through  a  window  and  treating  it  as  a  part 
of  the  decoration  of  the  home,  for  the  purpose  of  giving  a  connec- 
tion between  Mother  Nature  outside  and  Father  inside.  (Laugh- 
ter). 

When  we  come  to  reduce  everything  to  a  matter  of  dollars  and 
cents,  which  is  the  idea  brought  forward  by  one  of  the  speakers 
here,  we  seem  to  carry  out  the  idea  of  that  advertisement,  "Buy 
a  Ford,  and  spend  the  difference."  Of  course,  it  depends 
somewhat  on  what  you  want  to  buy — and  I  would  like  a  little  day- 
light in  my  house. 

E.  D.  TiLivSON :  In  one  of  the  former  conventions  a  speaker 
called  attention  to  the  fact  that  in  the  country  districts  the  people 
had  keener  eyes  or  longer  sight  than  residents  of  cities,  and  I 
have  speculated  as  to  whether  there  was  not  much  value  in  win- 
dows in  that  respect.  When  we  coop  people  up  in  an  inside  office, 
where  they  must  face  a  wall  at  close  range,  and  cannot  look  out 
of  windows  at  distant  objects,  my  opinion  is  that  they  will  have 
a  tendency  to  be  short-sighted,  and  perhaps  suffer  impairment  of 
the  eyes. 

Perhaps  I  have  experienced  a  little  of  that  myself.  I  work  in 
a  laboratory  or  gallery  where  there  are  no  windows,  but  only 
skylights;  and  face  a  blank  wall  a  good  part  of  the  time.  I  am 
quite  short-sighted.  That  may  or  may  not  be  in  consequence  of 
having  to  stare  at  the  wall,  but  it  does  seem  more  comfortable 
to  be  in  an  office  where  one  can  look  out  of  the  window  at  some- 
thing far  away. 

This  may  be  considered  as  aside  from  the  subject,  but  I  note 
that  the  paper  has  been  turned  in  part  to  a  discussion  of  the  rela- 
tive cost  of  artificial,  and  natural  light ;  and  in  such  a  balance,  the 
cost  of  impaired  eyesight,  if  such  enters  at  all,  should  no  doubt 
be  considered. 

Norman  Macbeth  :  It  is  not  proper  to  discuss  the  discussion, 
but  I  would  like  to  say  something  on  this  matter  that  Mr.  Tillson 
has  brought  up.  The  point  has  frequently  been  made  that  Eastern 
men  on  going  West  have  been  amazed  at  the  apparent  long- 
sightedness of  the  Western  men  on  the  plains.  They  see  a  little 
speck  way  off  on  the  plains  and  they  say,  "Hello,  here  is  Bill 


DISCUSSION  LUCKIESH-HOLLADAY  PAPER  141 

Tones  coming;  I  wonder  what  he  wants."  All  the  Easterner  sees 
is  the  speck.  The  plainsman  knows  Bill  Jones  has  a  horse  with  a 
peculiar  swing,  and  he  gets  the  faintest  impression  of  that  motion 
way  off  in  the  distance.  Similar  stories  have  been  told  about 
sailors. 

I  can  stand  on  42nd  Street,  New  York,  and  pick  out  a  Broadway 
or  Crosstown  car  from  many  blocks'  distance,  merely  because  the 
Broadway  and  42nd  Street  Crosstown  are  both  red  cars;  the 
designation  of  both  cars  is  up  on  the  top  in  white  letters  on  a 
black  ground,  and  "42nd  Street  Crosstown"  covers  the  whole 
width  of  the  sign  and  ''Broadway"  is  considerably  shorter. 
Westerners  want  to  know  how  I  can  read  it  at  such  a  distance. 

That  explanation  has  been  proven  to  my  satisfaction  and  I  be- 
lieve is  the  most  reasonable  one  to  account  for  the  apparent  long- 
sightedness of  sailors  and  plainsmen  particularly. 

H.  B.  Dates  :  On  the  effect  of  environment  upon  eyesight,  I 
am  incHned  to  differ  with  Mr.  Tillson,  because  the  surveys  that 
were  made  in  the  rural  districts  and  in  the  city  schools  show  there 
is  fullv  as  large  a  percentage,  if  not  more,  country  children  who 
have  defective  eyesight  as  city  children.  I  do  not  think  therefore 
you  can  lay  it  up  to  that  fact. 

E.  D.  Tillson  :     I  am  just  quoting  what  was  brought  out  under 

test. 

M.  Luckiesh:  Mr.  Hibben  brought  up  a  point  about  the 
transmission  of  radiant  energy  by  glass.  Unfortunately,  glass  can 
never  be  so  constituted  as  to  eliminate  conduction  losses.  The 
content  of  a  glass  will  do  much  toward  eliminating  or  reducing 
the  transmission  of  infra-red,  but  our  experiments  show  that  the 
content  makes  little  difference  in  actual  conduction,  and  most  of 
the  heat  loss  is  due  to  conduction,  (^lass  does  not  transmit  the 
radiation  of  long  wave-lengths  cniitlcd  by  radiators  and  other 
objects  at  ordinary  temperatures. 

One  gentleman  mentioned  spoilage  due  to  daylight.  We  elimi- 
nated consideration  of  actual  cost  of  spoilage,  of  cleaning  of  nia- 
ti-rials.  deterioration  of  window  shades,  etc..  because  these  in- 
troduce the  element  of  judgment.  Thr  ca.e  is  plain  enough, 
without  heaping  any  more  upon  daylight • 
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I  was  very  sorry  to  note  that  the  discussion  of  two  of  the 
gentlemen  indicated  that  they  seemed  to  have  the  idea  that  we 
were  trying  to  aboHsh  dayHght.  I  thought  we  made  it  very  plain 
in  this  paper  that  we  are  merely  considering  the  economies  of 
daylight  just  as  we  consider  artificial  light.  I  assure  Dr.  Hoadley 
we  are  not  aiming  to  interfere  with  daylight  outdoors  at  all. 
(Laughter).  He  can  always  have  all  he  wants  as  far  as  we  are 
concerned.  I  certainly  like  the  outdoors  and  daylight,  and  there 
is  no  finer  picture  than  a  sunset  or  clouds  and  blue  sky  viewed 
through  a  window.  I  am  always  going  to  have  windows  in  my 
house.  (Laughter).  When  it  comes  to  ventilation,  I  do  not 
need  the  fifty-six  windows  that  I  have  in  my  house. 

We  should  consider  conditions  as  they  are  and  it  is  foolish  to 
put  in  skylights  when  artificial  light  is  better  and  less  costly. 
Many  of  the  windows  I  have  seen  in  offices  look  out  upon  a 
lo-foot  X  lofoot  court,  which  sometimes  is  a  most  filthy,  foul 
outlook.  I  would  much  rather  hang  paintings  where  those  win- 
dows are  and  have  artificial  light. 

I  want  to  reiterate  that  in  no  sense  do  we  want  to  eliminate 
daylight.  We  think  a  recognition  of  the  cost  of  daylight  will  be 
a  very  influential  psychological  factor  in  overcoming  indifference 
and  prejudice  toward  artificial  lighting.  We  do  say  there  are 
many  interiors  to-day  where  the  use  of  artificial  lighting  and  the 
exclusion  of  daylight  would  greatly  improve  the  situation  and 
would  be  economically  advisable.  Furthermore  there  is  plenty  of 
evidence  that  people  enjoy  themselves  under  artificial  light  as  well 
as  under  daylight.  Many  seem  to  be  wilHng  to  take  the  chances 
on  staying  up  all  night  and  missing  the  daylight.  (Laughter). 
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SYNOPSIS:  The  author  sets  forth  the  use  of  various  illuminants  in  the  field 
of  the  moving  picture  industry;  the  high  intensity  arc  lamp  for  special  effects,  the 
Cooper-Hewitt  mercury  vapor  lamp  for  general  actinic  lighting,  and  the  high  wattage 
Mazda   C   lamp   for   diffused   illumination. 

Mention  is  made  of  the  wiring  and  distribution  system  on  stages  which  entails 
'^rf.'it  flexibility  in  order  to  carry  the  variable  load.  On  "location"  the  power  is 
produced  by  means  of  very  large  motor  generator  sets  mounted   on   portable   trucks. 

Numerous  illustrations  of  interior  and  exterior  views  of  the  studio  in  action 
and  night   lighting  on   "location"   are  shown,   as   well   as   various   types   of  lamps   used. 

The  modern  magic  of  the  motion  picture  studio  presents  many 
angles  of  romance,  but  probably  the  most  facinating  romance  of 
all  can  be  found  in  the  electric  lights.  When  the  cameraman 
cries ;  "Light  'em  up,"  and  shafts  of  light  come  from  the  '*spots," 
floods  of  light  from  the  huge  sun  arcs,  and  the  pale  blue  rays 
are  sent  out  by  the  long  Cooper-Hewitt  tubes,  it  is  no  wonder 
that  the  casual  visitor  to  the  studio  is  amazed. 

In  the  early  days  of  the  motion  picture,  very  little  artificial 
lighting  was  used.  With  mere  sunlight  no  special  effects  such 
as  are  achieved  in  motion  pictures  to-day  could  be  obtained ; 
also  it  must  be  understood  that  on  a  clear  day  light  values  do  not 
remain  the  same,  thus  it  is  necessary  to  use  artificial  light  to 
standardize  the  light. 

Old  Sol  has  been  cheated  of  part  of  his  glory  in  the  modern 
lighting  systems  now  in  use  in  the  large  motion  picture  producing 
plants.       In  tlic  early  days  of  the   film  industry,  artticial   lights 
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were  unheard  of  and  the  sun  was  the  source  of  all  photographic 
illumination.  When  cloudy  weather  came  along,  however,  there 
had  to  be  a  suspension  of  activities.  It  was  also  impossible  to  get 
anything  but  flat,  plain  photography  by  the  use  of  sunlight,  hence 
special  eiifects  were  out  of  the  question. 

As  the  art  became  daily  more  complex,  photographic  novelties 
in  the  form  of  lighting  effects  were  introduced.  It  also  became 
possible,  with  the  aid  of  lights,  to  defy  the  sun — to  "shoot"  in 
rainy  or  cloudy  weather  as  well  as  on  the  brightest  days ;  and 
at  the  present  time,  so  practical  and  so  thorough  have  become  the 
systems  of  electrical  illumination  now  in  vogue,  that  hardly  an 
interior  scene  is  made  without  the  aid  of  these  powerful  illumi- 
nating agencies. 

At  first  the  motion  picture  industry  used  natural  daylight  in 
the  taking  of  pictures  with  the  motion  picture  camera.  This  was 
followed  by  the  use  of  a  reflector  of  silver  paper  pasted  on  sec- 
tions of  wood  about  3  feet  x  4  feet,  thus  catching  the  sun  and 
reflecting  it  back  into  the  faces  of  the  actors  and  actresses.  The 
next  advance  in  lighting  was  the  use  of  a  carbon  arc.  At  present 
there  are  two  forms  of  lighting  used,  one  is  the  carbon  arc  and 
the  other  the  mercury  vapor  unit.  From  the  carbon  arc  there 
is  developed  what  is  termed  the  "high  intensity  arc,"  the  latest 
development  is  the  adoption  of  a  36-inch  navy  searchlight.  In 
this,  diffusing  glass  is  used  to  get  a  deflection  of  20°  and  40° 
divergence.  This  form  of  lighting  from  the  searchlight  is  the 
last  step  that  has  been  taken  in  the  motion  picture  industry. 

We  have  been  greatly  handicapped  in  the  use  of  the  type  "C" 
lamp  owing  to  its  lack  of  actinic  ray.  However  voltage  man- 
ipulation, such  as  a  10  per  cent  rise  in  voltage,  greatly  increases 
its  actinic  value.  Type  "C"  lamps  have  been  used  successfully 
for  diffused  illumination  on  gold  picture  frames  and  from  prac- 
tically one-half  voltage  up  to  and  over  10  per  cent  normal  voltage 
was  registered  by  the  camera.  This  was  done  by  building  a  cove 
lighting  system  around  three  life  size  picture  frames  and  showing 
the  c;radual  increase  of  intensity  on  models  within  the  frame, 
from  practically  no  intensity  to  full  intensity,  and  then  fading 
out  through  the  control  of  the  voltage  by  rheostats  on  motor  gen- 
erator sets.  This  method  was  used  in  a  picture  of  Miss  Bebe 
Daniels  directed  by  Mr.  Franklin.     Then  under  another  condi- 
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tion,  the  1,000-vvatt  flood-lighting  projectors  have  been  success- 
fully used  on  some  scenes  in  the  picture  "The  Fighting  Chance" 
directed  by  Chas.  Maine. 

Cooper-Hewitt  tubes  are  used  to  secure  average  daylight  light- 
ing in  studios  which  are  completely  darkened,  but  out  in  the  West, 
nearly  all  the  stages  are  open  with  glass  roofs,  using  white 
muslin  diffusing  cloth  to  cut  down  the  bright  intensity.  They  are 
now  using  in  addition,  a  black  diffuser  cloth  to  maintain  certain 
average  intensities  throughout  the  scenes.  This  "darkening-down" 
with  black  diffusing  cloth  is  done  owing  to  the  fact  that  a  se- 
quence may  be  started  in  the  forenoon  and  run  past  daylight 
value  about  four  o'clock  in  the  afternoon  during  summer 
months,  or  light  values  may  change  through  cloudy  condition  of 
the  sky  which  may  change  the  character  of  the  scene. 

A  development  which  has  recently  been  used,  is  an  over- 
head dome  using  carbon  arc  in  a  metal  lined  trough  in  a  cove. 
This  has  been  used  in  semi  close-ups  and  close-ups  for  getting 
perfect  diffusion  overhead  and  down  the  face  for  elimination  of 
certain  shadows.  These  domes  and  other  direct  lighting  domes 
are  also  used  where  wall  sets  are  built  and  no  provision  is  made 
for  the  placing  of  carbon  arcs  along  the  side  of  the  room. 

In  the  use  of  table  lamps,  stand  lamps,  etc.,  these  are  always 
equipped  with  a  carbon  arc.  See  Figure  i.  Formerly  tliey 
have  been  using  the  plain  hand  feed  arc,  but  an  automatic  arc  was 
developed  to  make  and  break  by  opening  and  closing  of  switch  of 
the  "set."  Considerable  trouble  was  experienced  with  this  carbon 
as  it  often  smoked  during  the  taking  of  a  scene.  To  overcome 
this  objection,  a  special  carbon  was  used.  In  the  filming  of  any 
scenes  where  an  actor  lights  a  cigarette  or  cigar,  it  is  always  done 
by  a  little  baby  arc  to  get  effect  of  the  light  on  his  face.  The 
wires  run  down  his  sleeve  to  the  floor,  and  is  always  "stnick" 
by  the  actor  himself,  using  what  is  called  the  pencil  carbon  with 
a  consumption  of  i,(xx)  walls  or  10  amperes.  In  the  filming  of 
fire  places,  in  addilion  lo  the  gas  logs  with  the  gas  burning,  car- 
bon arcs  are  placed  in  the  back  so  as  to  get  the  fire  effect  into  the 
face  or  into  the  room.  Ordinarily  the  flame  would  not  "pick  up" 
or  photograph.  In  addition  to  this  (levcl()|)nicnt,  there  have 
also   been    designed    what    arc    called    "susj)cndeil    floor    lighting 
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units"  for  close-ups  and  semi  close-ups  to  overcome  certain  "neck- 
lace" lines  on  the  faces  of  people  taking  part  in  the  picture. 

The  intensity  of  illumination  used  on  sets  varies  considerably 
v^ith  the  action,  the  character  of  the  set  itself,  wall  papers  used 
and  furniture.  There  are  seldom  two  sets  of  any  size  lighted  the 
same,  special  study  being  given  to  where  the  natural  source 
of  light  would  be,  and  then  the  units  placed  to  follow  the  natural 
shadows  which  would  be  secured  from  a  room  lighted  in  various 
manners,  such  as  with  brackets,  overhead  fixtures  or  other 
methods  of  lighting.  In  camera  work,  particular  care  is  taken 
to  prevent  light  or  shadow  across  the  nose.  In  lighting  of  actors 
and  actresses,  consideration  is  always  given  to  tests  of  the  "make 
up"  w^hich  on  some  complexions  acts  different  than  on  others. 
There  are  many  grades  of  powder  used.  For  example,  some 
people  of  a  rugged  complexion  have  blood  vessels  close  to  the 
surface  of  the  skin  and  these  must  be  eliminated  by  heavier  pow- 
ders. Red  is  never  used  in  the  make  up  except  on  the  lips. 
Eye  brows  and  eye  lashes  are  darkened  with  Mascaro.  It  has 
always  been  attempted  to  bead  the  eye  lash  with  little  balls  of 
Mascaro  at  the  end  which  directs  shadows  over  and  under  the  eye. 

Spots  of  70  amperes  over  sets  are  always  used  for  back  lighting 
of  the  characters  such  as  shown  in  Figure  2.  This  is  done  to 
make  the  character  stand  out  from  the  wall,  otherwise  what  is 
termed  "flat  light"  would  be  secured  on  the  screen  and  in  this 
fiat  lighting  there  is  no  division  made  between  the  scene  and  the 
people  themselves  in  action.  This  is  a  very  difficult  way  of  light- 
ing owing  to  the  fact  that  these  spots  which  are  used  in  large 
numbers  in  sets,  are  hand  fed  and  quite  often  are  used  to  spot 
the  actors  and  actresses  in  a  set  during  action.  When  spots  are 
used  in  sets  of  this  character,  one  must  be  very  careful  that  the 
camera  is  not  picking  up  the  foreground  or  floor  of  the  room.  If 
so,  a  frost  paper  is  used  in  combination  with  the  spot  for  breaking 
up  the  circles  caused  by  the  spot  on  the  floor.  This  is  also  used 
to  soften  one  side  of  the  lighting  of  the  room  by  the  use  of  the 
spot  in  combination  with  frosted  paper  in  frost  frames.  Con- 
siderable study  is  also  given  to  the  use  of  these  spots  on  top  of 
sets  for  "raking"  of  walls  and  also  are  placed  in  such  a  position 
as  to  concentrate  the  full  value  of  their  light  on  brackets,  silk 
shades,  to  have  them  stand  out  from  the  wall  and  make  them  look 
as  though  they  were  lighted. 
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Fig.   i.--(."arhon  arr  portable  table  lamp 


Fig.   2. — Scvcnty-amf)cre  spots   used 
for  back  lighting   of   characters. 
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Fig.    5. — Large    transformers   used   for  stage   lighting. 


Fig.    6. — View   of  studio  interior  showing  wiring. 
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Owing  to  the  fact  that  the  round  frosted  lamps  used  in  brackets 
on  walls  will  net  photograph  and  ''spots"  are  used  to  light  the 
silk  shade  and  to  direct  a  ring  of  light  directly  over  them  on  a 
statue,  vase  or  table,  as  though  the  lighting  were  secured  from 
the  bracket  directly  over  such  article.  This  form  of  illumination 
makes  the  composition  more  complete  and  stops  any  possibility 
of   flat  lighting. 

In  all  sets  usually  employed,  the  lighting  is  secured  from  a 
bank  of  carbon  arcs  used  in  reflecting  hoods  mounted  on  a  stand, 
as  shown  in  Figure  3.  These  arcs  are  equipped  with  a  diffusing 
glass  ribbed,  having  a  very  fine  stippled  finish,  as  it  is  very  dan- 
gerous to  use  an  open  arc,  because  of  its  effect  upon  the  eyes  of 
the  players.  This  glass  is  used  on  lighting  units  to  secure  the 
hard  side  of  the  illumination.  A  method  has  been  devised  of 
building  a  box  frame  around  both  of  the  lighting  hoods  and 
using  a  tracing  paper.  See  Figure  4.  This  arrangement  softens 
down  the  quantity  of  intensity  and  gives  more  character  to  two 
sides  of  a  set.  This  lighting  is  very  technical  and  is  generally 
followed  through  with  the  lighting  specialists  on  a  set  in  combin- 
ation with  the  camera  man  and  director  to  secure  the  correct 
direction  of  action  and  placing  of  shadows. 

In  the  use  of  both  the  70  ampere  spot  and  the  broad  side  unit 
as  shown  in  Figure  3,  there  were  designed  a  series  of  louvres, 
like  shutters,  made  of  aluminum.  These  louvres  or  shutters  are 
placed  on  approximately  two-inch  centers  down  the  length  of  the 
box  frame  as  shown  in  Figure  4,  inside  of  the  curtain  and  so 
controlled  on  tracks  that  by  the  operation  of  one  lover  all  of  these 
fins  will  open  or  close  simultaneously.  In  coml)ination  with  the 
shutter,  a  diffusing  cloth  is  used  to  stop  any  shadows  caused  by 
the  irregular  opcninc^  or  closing  of  these  shutters.  A  similar 
type  of  unit  has  been  designed  for  the  use  of  the  3h-iiich  navy 
searchlights  from  which  are  secured  lighting  effects. 

Great  use  is  found  for  this  diffusing  cloth  and  shutter  unit 
where  llic  lighting  is  from  aUernating  current.  Most  motion 
picture  cameras  are  equipped  witli  ;in  aut(Mnatic  "fadeout,"  but 
owing  to  the  extreme  danger  of  syuehroni/ing  the  cranking  with 
the  cycles  of  the  ahernating  current,  the  automatic  "fadeout"  is 
seldom  used  on  tlie  camera  wlien  alternating  current  service  is 
employed.      Therefore,   by    the   use   of    these    spi'cial    shutters,    a 
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^^'omplete  set  can  be  faded  in  and  out  of  the  picture  by  opening 
and  closing  these  shutters  which  accompHshes  the  same  thing 
as  the  automatic  "fadeout"  on  the  camera,  and  without  the  danger 
of  synchronization  with  the  camera. 

Trouble  has  been  frequently  experienced  due  to  the  fact  that 
on  long  scenes  the  camera  will  start  normal  cranking,  which  is 
14-16,  and  increase  or  decrease  the  speed  from  this  normal  value, 
and  by  so  doing  cause  flickers  to  appear  in  the  lighting  of  the 
picture  itself.  The  camera  has  synchronized  with  the  alternating 
current,  which  is  a  problem  that  has  been  faced  by  the  motion  pic- 
ture producers  in  the  use  of  alternating  current. 

One  of  the  largest  motion  picture  producers  to-day  is  using 
very  successfully,  alternating  current,  50  cycles,  having  no  in- 
vestment in  power  apparatus  other  than  one  three-unit  motor  gen- 
erator set,  and  three  units  for  supplying  direct  current  to  the  high 
intensity  arcs.  In  this  case,  the  power  company  delivers  service  at 
2,300  volts  and  installs  the  necessary  capacity  in  transformers, 
Figure  5,  250  kw.  for  stage  lighting.  A  very  heavy  load  is  built  up 
quickly  in  this  form  of  illumination.  Every  unit  used  averages  70 
amperes  and  when  a  carbon  arc  first  strikes,  the  current  is  exces- 
sive but  quickly  settles  back  to  its  rated  value. 

Great  study  has  been  given  to  the  wiring  and  distribution  sys- 
tem on  stages  owing  to  the  heavy  load.  Where  a  number  of 
stages  are  used  in  one  plant  for  the  making  of  motion  pictures, 
the  total  capacity  may  be  on  any  one  stage  at  any  one  time. 
This  entails  great  flexibility  and  a  system  where  provision  must 
be  made  for  wiring,  distribution  and  carrying  of  a  load  at  one 
point  of  the  total  capacity  of  the  plant.  See  Figure  6.  There  have 
been  sets  in  one  picture  alone  where  total  connected  load  has  been 
over  14,000  amperes  of  carbon  arcs  alone.  There  is  no  con- 
sideration given  the  overloading  of  any  apparatus  up  to  the 
danger  point,  and  it  is  not  unusual  at  times  to  see  the  insulating 
compound  running  out  of  cables  and  oil  bubbling  out  of  trans- 
formers. Many  directors  are  not  posted  technically  as  to  the  dan- 
gers of  a  continuous  load  and  are  at  times  liable  to  burn  the  lights, 
where  unless  carefully  watched,  may  cause  serious  break-downs 
and  tie  up  a  complete  studio. 

The  most  difficult  problems  faced  in  the  matter  of  lighting  is 
on  "locations."  See  Figure  7.     Very  often  it  is  necessary  to  build 


Fig.    7. — Searchlight   used    in    "Night   shooting"    for    George    Melford's    Paramount 
picture,    "Burning    Sands,"    on    location    at    Oxnard,    Calif. 


Fig.   8. — Portable-   truck   carrying'   motor   K<t>«'rator   sets. 
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high  tension  transmission  Hnes,  taking  service  from  a  power 
company  at  15,000  volts,  put  up  a  complete  line  for  a  number 
of  miles,  setting  a  bank  of  transformers  and  then  stepping  down 
to  the  voltage  of  the  lighting  equipment.  It  has  been  found 
where  these  large  sets  are  built  on  'iocation"  and  impractical 
to  build  transmission  lines,  the  studios  have  been  forced  to  con- 
struct very  large  motor  generator  sets  mounted  on  portable  trucks 
as  shown  in  Figure  8.  The  expense  alone  of  the  truck  was  in 
excess  of  $30,000.  In  this  case  a  marine  type  of  gas  engine  is 
used,  carr}dng  two  submarine  type  generators.  All  of  this 
apparatus  is  mounted  on  a  yYz  ton  White  truck  especially  geared 
for  mountains,  as  locations  are  picked  by  directors  without  any 
consideration  for  transportation  or  how  power  can  be  secured. 
When  necessary  to  build  sets  and  locate  them  in  remote  regions, 
these  plants  must  be  sent. 

In  a  recent  production  it  was  not  feasible  to  take  the  snow 
scenes  in  or  near  Southern  California  due  to  the  fact  that  the 
picture  was  written  around  the  Canadian  Northwest  where  snow 
and  blizzards  were  necessary.  All  these  scenes  and  sets  were 
constructed  at  Truckee,  Calif.,  where  the  complete  company 
stayed  for  six  weeks.  In  this  case  the  settings  were  placed 
three  and  one-half  miles  from  the  nearest  power  line,  and  it  was 
necessary  to  build  a  2,300  volt  line,  and  set  transformers.  It 
was  found  necessary  to  shut  down  some  of  the  buildings  in 
Truckee,  Calif.,  in  order  to  get  the  necessary  power  load  to 
take  the  pictures.  This  transmission  line  was  built  along  a  road- 
way without  a  pole  line.  The  insulators  and  pins  were  therefore 
installed  on  trees  heavily  covered  with  snow.  During  this  picture 
and  their  night  work,  much  time  was  lost  owing  to  heavy  snow 
fall  where  it  was  necessary  to  sto])  work  and  dig  the  snow  from 
around  the  sets. 

One  of  the  most  notable  lighting  achievements  accomplished 
during  the  past  year,  was  the  night  lighting  of  the  big  Siamese 
exterior  setting  whicli  was  built  at  Balboa,  Calif.,  for  some  of  the 
si>ectacular  scenes  in  Cecil  P».  DeMillc's  production,  "Fools 
Paradise."  Without  a  donbl  this  was  one  of  the  biggest  motion 
picture  ilhnninating  propositions  ever  ninlnlakiMi.  Tlio  Hghting 
equipment  required  to  properly  illuminate  that  set.  if  out  in  a 
continous  hnc,  would  cxtcn<l  for  n  (|nart(M-  of  a  mile. 
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The  cost  of  lighting  scenes  varies  according  to  the  size  of  the 
set  and  the  consequent  number  of  Hghts  used.  For  unusually 
large  settings,  requiring  a  great  deal  of  light,  the  cost  might  range 
from  twelve  to  fifteen  dollars  an  hour  for  lights. 

Of  course,  the  motion  picture  industry  is  still  comparatively 
new,  and  we  are  still  in  the  experimental  stage  so  far  as  lighting 
is  concerned.  Not  only  in  the  studios,  but  in  the  movie  theatres, 
there  is  considerable  room  for  improvement.  A  spectator  enter- 
ing the  largest  of  our  cinema  palaces  is  generally  plunged  from 
bright  daylight  into  murky  darkness,  he  passes  through  the  re- 
verse experience  when  he  leaves  the  theatre,  and  the  eyes  suffer  a 
consequence  strain,  as  the  pupil  does  not  have  time  to  adjust 
itself  to  the  sudden  change. 

DISCUSSION 

L.  C.  Porter  :  In  the  past  most  of  the  motion  picture  work  has 
been  done  on  black  and  white  film,  but  the  time  is  unquestionably 
near  when  there  will  be  a  great  deal  of  color  work,  and  in  color 
work  the  incandescent  lamp  is  proving  very  effective.  It  is  only 
recently  that  we  have  known  how  to  handle  panchromatic  film 
and  by  the  use  of  panchromatic  film  and  incandescent  lamps  we 
can  get  some  very  beautiful  effects.  I  think  we  will  see  the  in- 
candescent lamp  come  into  considerably  wider  use  in  studio  work. 
As  a  matter  of  fact,  this  large  lamp  you  saw  out  here  the  other 
night  was  developed  for  motion  picture  studio  work. 

One  of  the  problems  in  connection  with  the  use  of  such  units 
is  to  get  rid  of  the  heat.  There  is  a  tremendous  amount  of  energy 
concentrated  on  the  actors  and  actresses,  and  they  are  attempting 
to  overcome  that  by  using  large  mirrors  and  by  using,  you  might 
say,  indirect  lighting  from  the  lamps. 
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SYNOPSIS:  The  subject  of  the  photometry  of  colored  light  is  not  yet  fully  un- 
derstood. Each  year  new  investigators  bring  forth  additional  data  leading  to  a 
clearer  conception   of  the  intricacies   of  the   problem. 

There  are  two  principle  means  of  comparing  light  intensities,  one  known  as 
the  "equality  of  brightness"  method,  and  the  other  as  the  "flicker"  method. 

In  the  equality  of  brightness  method,  two  objects  in  juxtaposition  are  illuminated 
in  such  manner  that  they  appear  equally  bright  to  the  eye.  In  the  flicker  method, 
a  device  is  used  which,  in  rotating,  is  exposed,  first  to  the  light  from  one  light 
source  and  then  to  that  from  the  other.  When  the  intensities  of  light  from  the  two 
sources  are  unequal,  a  noticeable  flicker  occurs.  When  this  flicker  disappears,  a 
theoretical  balance  is   obtained. 

Discrepancies  have  always  been  known  to  exist  between  the  results  obtained 
from  these  two  methods.  In  the  first  half  of  this  paper,  the  investigators  point  out 
the  causes  for  these  discrepancies.  They  show  that  difficulties  are  encountered  with 
the  flicker  method,  because  the  intensity  of  the  sensation  (in  the  eye)  does  not  vary 
directly  with  the  intensity  of  the  light,  but  is  dependent  upon  the  time  this  light 
has  to  act  on  the  eye  and  also  on  the  color.  They  have  found  that  the  flicker  and 
equality  of  brightness  methods  agree  if  the  eye  is  exposed  the  same  length  of  time 
with   both   methods. 

They  further  show  that  with  the  time  of  exposure  ordinarily  employed  in  flicker 
photometry,  the  eye  does  not  reach  the  condition  of  maximum  sensation,  or  in 
other  words,  get  the  full  effect  of  the  light,  which,  of  course,  obtains  when  the 
equality  of  brightness  method  is  used,  for  there  a  prolonged  exposure  or  sighting 
of  the  photometric  field  takes  place. 

In  the  second  half  of  the  paper,  which  is  entitled  "Comparative  Studies  of 
Equality  of  Brightness  and  Flicker  Photometry,  with  Special  Reference  to  the  Lag 
of  Visual  Sensation"  the  authors  first  describe  the  ingenious  apparatus  with  which 
they  made  these  tests. 

Figures  and  curves  from  the  data  seem  to  justify  the  conclusions  mentioned 
a!)Ovc.  They  indicate  that  for  various  wave-lengths  or  colors,  there  is  a  rise 
(jf  sensation  to  a  maximum  value  which  is  diff'ercnt  for  each  color  and  for  each 
intensity.  In  other  words,  it  will  take  a  longer  or  shorter  time  for  the  eye  to 
receive  its  maximum  sensation  from  a  given  color  at  a  given  intensity,  in  comparison 
with  the  time  for  the  rye  to  reach  its  maximum  sensation  from  the  same  color  at 
a  different  intensity  or  from  a  different  color  at  either  of  these  intensities.  Further- 
more the  curves  representing  the  rise  of  sensation  for  the  different  colors  and  white 
iifirht  intersect  and  stand  generally  in  irregular  relationships  to  each  other  throughout 
their  course,   which   irrcKulai  ity   of   relationship   varies   with   the   intensity    of   liv'hts. 

•A  paper  presented  at  the  .inni:;tl  convention  of  the  Illuminating  Engineering 
Society,    Swamp.scott,    Mass.,    Sei)teiiil)er    JS-rS,    it)jj. 

••Department  of   r.yrholoKy.   Hryn    Mawr  College,   Bryn  Mawr,   Pa. 

The  IlIurniiiiitiuK  HuKincrrinK  Society    is  not    renponsiMe    for    tlu-    't.iletn«nls  or 
opiiiiotin  ndvaiicrd  Ity  eontributorn. 
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This  naturally  explains  why  the  effect  of  varying  the  speed  of  rotation  or  length  of - 
exposure  with  the  flicker  method  shows  varying  results  and  also  why  the  effect  of  vary- 
ing the  intensitj'  of  the  lights  compared  produces  a  variation  both  of  the  amount  and 
the  type  of  disagreement  between  the  two  methods  of  photometry.  Because  of  thi« 
variation  of  type  of  disagreement  with  intensity  it  is  possible  to  find  a  single  intensity 
for  each  pair  of  lights  at  which  agreement  occurs  for  the  two  methods  with  the  speed 
of  rotation  ordinarily  employed  with  the  flicker  method.  Above  and  below  this 
intensity  comes  underestimation  or  overestimation  by  the  method  of  flicker  depending 
upon  the  color  selected  for  comparison  with  the  white  light.  No  single  intensity 
could  be  found  at  which  agreement  occurred  for  more  than  one  pair  of  lights.  These 
most  favorable  intensities  were  quite  widely  separated  for  the  four  pairs  of  lights 
used  and  the  percentages  of  disagreement  at  each  of  these  intensities  for 
the  remaining  pairs  were  quite  large. 

The  possibility  of  the  use  of  the  eye  in  the  measurement  and 
comparison  of  Hght  intensities  has  been  a  subject  of  great  in- 
terest for  more  than  a  hundred  years.  The  lack  of  proportion- 
ality in  its  response  to  intensity  and  the  variation  in  this  select- 
iveness  of  response  with  wave-length  have  thus  far  limited  its 
use  to  a  balancing  or  equalizing  of  light  intensities.  Without  an 
undue  amount  and  detail  of  calibration  it  could  not  be  used  to 
measure  light  intensities  directly. 

The  eye  as  a  balancing  instrument. — Lights  may  be  balanced 
either  with  regard  to  their  energy  content  or  to  their  power  to 
arouse  sensation.  While  only  a  limited  use  can  be  made  of  the 
eye  for  the  former  purpose,  an  important  field  is  found  for  the 
latter, — the  rating  of  lights  by  the  eye  for  its  own  use,  or 
photometry.  However,  the  employment  of  the  eye  for  rating 
lights  for  its  own  use  is  by  no  means  free  from  difficulty.  Here 
again  a  selectiveness  of  response  to  the  different  wave-lengths 
is,  depending  upon  the  method  used,  a  serious  source  of  trouble. 
Important  points  to  be  considered  in  this  regard  are  variations 
in  the  intensity  of  the  response  with  time  of  exposure  and  their 
differences  for  the  different  wave-lengths  of  light.  The  sen- 
sation rises  to  its  maximum  through  an  interval  of  time  and 
then  dies  away  because  of  a  progressive  loss  of  sensitivity,  or 
adaptation  of  the  eye.  Moreover,  the  rate  of  rise  and  fall  varies 
both  with  the  wave-length  and  the  intensity  of  light.  That  is, 
there  is  a  lag  and  a  decay  in  the  response  of  the  balancing  in- 
strument both  of  which  are  variable  functions  of  the  composition 
and  intensity  of  the  lights  to  be  balanced.  In  short  the  eye  as  a 
balancing  instrument  may  be  likened  roughly  to  weighing  scales 
which  never  quite  attain  to  stability  or  constancy  of  balance  when 
the  objects  or  commodities  to  be  balanced  are  not  of  the  same  kind. 
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The  result  obtained  depends  upon  how  long  the  objects  to  be  bal- 
anced remain  on  the  scales,  the  stability  increasing,  however,  with 
the  increase  of  time  beyond  a  certain  value,  the  time  required  for 
the  instrument  to  give  its  maximum  response.  Moreover  to  make 
the  situation  still  more  complicated,  the  effect  on  the  value  of 
the  balance  varies  with  the  amount  of  the  commodity  present. 

From  the  above  considerations  it  is  quite  obvious  that  the 
length  of  exposure  of  the  eye  to  the  lights  to  be  balanced  is 
an  important  factor  in  the  result  that  will  be  obtained  when 
these  lights  differ  in  composition.  The  eiTect  of  time  or  length 
of  exposure  of  the  eye  as  a  factor  should  not  be  ignored,  there- 
fore, in  the  comparative  study  and  evaluation  of  the  fitness  of 
photometric  methods  for  the  purpose  for  which  they  are  to  be 
used,  namely,  the  rating  of  lights  for  the  work  which  the  eye  is 
called  upon  to  do.  Length  of  exposure  is,  we  believe,  an  im- 
portant, if  not  the  chief  point  of  difference  between  the  two 
methods  of  arriving  at  a  balance  which  are  now  the  most 
widely  used:  the  methods  of  flicker  and  equality  of  brightness. 
In  case  of  the  former  a  slow  succession  of  exposures  is  given 
of  a  value  much  less  than  the  time  required  for  the  eye  to 
give  its  maximum  response ;  and  in  the  latter,  a  single  ex- 
posure many  times  greater  than  the  time  required  for  the  eye 
to  give  its  maximum  response.  When  the  difference  in  the 
way  the  eye  is  used  in  the  two  methods  is  considered,  it  is  not 
strange  that  a  poor  agreement  in  result  should  obtain  for  lights 
of  different  composition.  Indeed  it  is  somewhat  surprising  that 
agreement  should  ever  have  been  expected.  The  reason  for 
the  disagreement  will  become  clearer  perhaps  on  a  more  de- 
tailed consideration  of  the  effect  of  length  of  exposure  on  the 
eye's  response. 

For  exposures  less  than  the  time  required  for  the  eye  to  give 
its  maximum  response,  such  for  example  as  are  used  in  tlie 
method  of  flicker,  the  following  facts  may  be  noted,  (a)  The 
rate  of  rise  differs  greatly  for  the  different  wave-lengths  of 
light.  Also  the  time  recjuired  for  the  sensation  to  reach  Ms 
maximum  value  is  short,  of  the  order  of  tenths  or  liundreds  of 
a  second  ;  and  the  rate  of  deviation  from  eqnahty  of  response 
for  ef|ual  exjxjsurcs  as  the  sensations  rise  towards  tlieir  maxima 
is  raj)i(i.     Thus  when  it  is  sought  to  establish  a  iihotometrie  l^al- 
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ance  between  lights  differing  in  composition  by  means  of  ex- 
posures of  the  small  values  used  in  the  method  of  flicker,  not 
only  will  the  ratings  of  the  exposed  lights  sustain  a  direct  re- 
lation to  the  values  which  the  sensations  have  reached  in  the 
individual  exposures  and  a  balance  be  established  which  is  not 
a  true  one  for  the  longer  exposures  which  the  eye  receives 
in  the  greater  part  of  the  work  which  it  is  called  upon  to  do ; 
but  a  considerable  difference  in  result  should  be  expected  for 
small  differences  in  the  length  of  exposure.  That  is,  not  only 
may  the  balance  established  by  the  method  of  flicker  be  consid- 
ered an  inapt  one  for  the  purpose  for  which  the  results  are  to 
be  used,  but  it  is  subject  to  no  small  amount  of  change  by 
small  changes  in  the  speed  of  rotation  of  the  flicker  disc  or 
other  apparatus  used  to  present  the  two  lights  successively  to 
the  eye.  The  first  of  these  points  is  of  course  of  the  greater 
importance ;  the  second  is  of  consequence,  however,  because 
of  the  difficulty  of  standardizing  the  speed  of  rotation  of  the 
disc.  The  sensitivity  of  the  method  requires  that  the  lowest 
speed  be  used  that  gives  no  flicker.  In  case  the  lights  differ 
in  color  value,  this  lower  limit  of  speed  varies  with  the  different 
wave-lengths  for  the  same  observer  and  for  the  same  wave- 
length for  different  observers,  the  net  result  of  which  is  to  affect 
both  the  amount  of  the  disagreement  with  the  equality  of  bright- 
ness method  and  the  precision  of  the  determination.  Obviously 
too  a  difference  in  result  should  be  expected  from  any  inequality 
of  length  of  exposure  to  the  two  lights  as  happens  in  case  of  the 
method  of  flicker  when  the  rotating  sectors  exposing  the  two 
lights  are  given  unequal  values.  For  a  demonstration  of  this 
point  see  "A  Preliminary  Study  of  the  Deficiencies  of  the  Method 
of  Flicker  for  the  Photometry  of  Lights  of  Different  Color, 
Psychol.  Rev.,  1915,  XXII,  pp.  1 10-162.  (b)  The  rapidity  of 
the  rate  of  rise  is  strongly  affected  by  the  intensity  of  light. 
The  effect  of  intensity  too  is  different  for  the  different  wave- 
lengths. Even  the  order  of  ranking  of  the  different  wave-lengths 
as  to  rate  of  rise  is  changed  with  change  of  intensity.  That 
is,  for  a  given  observer  the  rate  of  rise  at  a  low  intensity  may 
be  faster  for  blue  and  green  than  for  red  and  yellow ;  and 
at  a  higher  intensity  this  order  rriay  be  reversed.  Intensity  of 
light  may  thus  be  expected  to  be  an  important   factor  in   any 


FLICKER  PHOTOMETRY  155 

balance  between  lights  of  different  composition  with  exposures 
shorter  than  the  time  required  for  the  eye  to  give  its  maximum 
response,  (c)  The  state  of  adaptation  of  the  eye  is  doubtless 
a  factor  in  the  rate  of  rise,  perhaps  also  field  size,  although  as 
yet  the  extent  of  these  influences  has  not  been  systematically  in- 
vestigated, (d)  Individuals  differ  apparently  not  only  as  to 
the  rate  of  rise,  but  as  to  the  relative  rates  of  rise  for  the  dif- 
ferent wave-lengths.^  For  example,  it  may  be  expected  that 
for  some  observers  at  a  given  intensity  of  light  the  sensations 
aroused  by  the  short  wave-lengths  rise  more  rapidly  than  those 
aroused  by  the  long  wave-lengths,  and  for  others  the  reverse 
of  this  is  true ;  also  that  there  are  individual  differences  in  the 
effect  of  intensity  of  light  both  on  the  rate  of  rise  and  on 
the  relative  rates  of  rise  for  the  different  wave-lengths. 

For  exposure  longer  than  the  time  required  for  the  sen- 
sation to  reach  its  maximum  value,  such  for  example  as  are  used 
in  the  equality  of  brightness  method,  the  effect  of  length  of  ex- 
posure is  of  comparatively  little  consequence  in  the  use  of  the 
eye  as  a  balancing  instrument,  (a)  The  rate  of  decay  of  sen- 
sation is  slow.  The  drop  is  comparatively  rapid  just  after  the 
maximum  is  reached,  but  the  curve  soon  straightens  out,  becoming 
less  and  less  steep  as  the  exposure  is  continued.  For  exposures 
of  the  order  of  value  used  in  the  equality  of  brightness  method, 
the  course  of  sensation  is  quite  stable  as  compared  with  the 
rapidity  of  change  that  comes  before  the  maximum  is  reached. 
Moreover,  the  order  of  magnitude  of  exposure  is  that  which  the 
eye  ordinarily  receives  in  viewing  its  objects :  thus  the  balance 
obtained  is  better  suited  to  llic  purpose  for  which  it  is  intended. 
Also  the  rate  of  deviation  in  the  course  of  sensation  for  the 
different  wave-len'^ths  is  slow,  therefore  small  differences  in 
length  of  exposure  have  comparatively  little  effect  on  the  value 
and  ])recision  of  the  balance  obtained,  (b)  Intensity  of  light 
has  an  effect  on  the  rate  of  decay  of  sensation,  but  there  is,  so 
far  as  we  can  discover,  no  difference  of  any  very  great  i)ractical 

'  This  comment  is  not  based  upon  a  direct  or  systematic  invcstiKation  of  in- 
dividual and  uroiip  differences  in  the  rise  of  sensation,  but  seems  to  be  a  reasonable 
inference  from  the  collective  results  of  several  investigators  of  this  and  related 
functions.  It  is  stronRly  indicated  also  by  the  individual  and  croup  results  in  flicker 
photometry,  interpreted  in  the  liRht  of  the  results  we  have  obtained  with  regard 
to  thi"  r<'Iatioii  of  the  disiKrc-cincnt  of  the  two  photometric  ratings  and  the  changes 
and    reversals    f)f    thi«<    disaKrceineiit    to    the    ri-e    of    sensation    ciuves. 
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significance  in  the  relative  effect  in  case  of  different  wave-lengths. 
The  reversal,  for  example,  in  the  relative  ranking  with  reference 
to  rate  of  change  for  the  short  and  long  wave-lengths,  which 
occurs  as  an  effect  of  intensity  in  the  rate  of  rise,  never  takes 
place  so  far  as  we  know  in  the  rate  of  decay,  (c)  There  are 
some  individual  differences  in  the  relative  rates  of  decay  for 
the  dift'erent  wave-lengths  but  again  these  differences  may  be 
expected  to  be  small  as  compared  with  the  differences  in  the 
rate  of  rise. 

If  the  choice  were  between  single  exposures  of  the  length  or- 
dinarily used  in  the  method  of  flicker  and  those  of  the  length 
used  in  the  equality  of  brightness  method,  there  is,  aside  from 
the  question  of  ease  of  making  the  determination,  little  doubt 
that  it  would  be  uniformly  in  favor  of  the  longer  exposures,  for 
there  would  be  just  as  little  reason  for  rating  lights  for  working 
purposes  with  an  under-exposed  eye  as  there  would  be  for 
using  a  false  balance  as  a  weighing  instrument.  There  seems 
to  be  a  belief  among  some,  however,  that  in  the  succession  of 
exposures  the  impressions  summate  to  such  an  extent  as  to 
overcome  the  effect  of  the  under-exposure.  To  obliterate  the 
effect  of  the  under-exposure  either  the  sensations  must  rise 
to  their  full  value  or  the  sensation  which  lags  the  most  must  also 
summate  the  faster  by  an  amount  which  just  compensates  for  its 
slower  rate  of  rise  in  the  single  impression.  The  former  po- 
sition is  out  of  the  question ;  the  latter,  as  we  have  shown  in 
a  former  paper,  can  not  be  assumed  without  violating  well  known 
laws  relating  to  the  factors  which  influence  the  persistence  of 
vision.  It  could  not  be  held,  for  example,  unless  it  were  assumed 
that  the  sensation  which  shows  the  greater  lag  and  is  therefore 
of  lesser  intensity,  should  also  show  the  greater  tendency  to 
persist  or  to  carry  over  to  the  succeeding  impression,  which  is 
contrary  to  fact. 

It  still  may  be  considered  a  point  for  discussion,  however,  with 
regard  to  what  degree  it  should  be  held  that  the  difference  in  lag 
between  the  sensations  aroused  by  the  single  exposures  used  in 
the  method  of  flicker  is  obliterated  in  the  succession  of  exposures. 
Broadly  considered  three  positions  are  possible  with  regard  to 
this  point  for  the  rates  of  succession  employed  in  the  method  of 
flicker,     (i)  The  difference  is  not  obliterated  at  all.     In  this  case 
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the  flicker  balance  should  deviate  from  the  equality  of  bright- 
ness balance  in  direct  proportion  to  the  difference  in  lag  for  the 
single  exposures.  (2)  The  difference  is  in  part  obliterated,  but 
is  still  present  to  a  degree  which  renders  the  method  questionable 
in  principle  for  the  rating  of  Hghts  for  the  use  of  the  eye 
when  there  is  a  considerable  difference  in  color  or  composition. 
And  (3)  the  difference  is  entirely  obliterated  or  so  nearly  so 
as  to  be  of  no  practical  consequence  for  the  validity  of  the 
method.  The  first  is  the  position  indicated  by  the  results  to  be 
given  in  this  and  the  following  paper.  If  there  is  a  summating 
action  due  to  the  succession  of  exposures,  there  is  no  detectable 
difference  in  this  action  for  the  two  lights  compared.  That  is, 
the  results  given  by  the  method  of  flicker  have  been  found  by 
us  to  agree  within  the  limits  of  the  sensitivity  of  the  judgment 
with  the  results  given  by  the  equality  of  brightness  method  when 
the  time  of  exposure  by  the  latter  method  is  made  equal  in  value 
to  the  individual  exposures  in  the  method  of  flicker.  In  other 
words  the  equality  of  brightness  method  within  the  limits  men- 
tioned gives  the  same  results  as  the  method  of  flicker  when  the 
eye  is  given  the  same  length  of  exposure  by  both  methods.  This 
would  not  be  the  case  (a)  were  the  difference  in  the  length  of 
exposure  in  the  two  methods  not  the  cause  of  their  disagreement 
in  result;  and  (b)  were  the  effect  of  the  under-exposure  on  the 
results  obtained  by  the  method  of  flicker  obliterated  by  any  de- 
tectable amount  in  the  succession  of  exposures. 

The  behavior  of  the  eye  in  fiicker  photometry. — The  utilization 
of  the  absence  of  flicker  to  detect  the  equality  of  brightness  in  two 
differently  colored  impressions  is  based  on  the  following  prin- 
ciples, (i)  Brightness  flicker  is  due  to  a  succession  at  certain 
rates  of  speed  of  impressions  differin<T  in  luminosity  or  bright- 
ness. No  flicker  occurs  then  when  the  impressions  are  of  the 
same  l)rightness.  (2)  The  phenomenon  is  very  sensitive  to 
changes  in  the  luminosity  of  the  successive  impressions.  (3) 
Color  fusion  takes  place  at  a  much  lower  rate  of  succession  than 
brightness  fusion.  This  leaves  the  brightness  flicker  outstanding 
in  a   field  unifoi-m  as  to  color  (inalitv. 

All  of  these  principles  are  sound  as  applied  to  detecting  small 
differences  iji  ilie  luminosity  or  l)rightness  of  the  successive 
sensations.     For  this  purpose  the  j)henonienon  of  flicker  is  ex- 
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cellent ;  but  trouble  arises  when  we  try  to  say  that  lights  which, 
arouse  sensations  of  equal  brightness  for  one  length  of  exposure 
to  the  eye  will  arouse  sensations  of  equal  brightness  for  any  length 
of  exposure.  For,  change  the  length  of  exposure  either  for  the 
equality  of  brightness  or  the  flicker  method  and  a  different  rating 
is  given  to  the  luminosity  or  sensation  arousing  power  of  the 
two  lights,  inconsiderable  it  is  true  for  the  equality  of  brightness 
method  unless  an  exposure  is  used  shorter  than  is  required  for 
the  sensation  to  reach  its  maximum.  That  is,  change  the  rate 
of  speed  of  the  iiicker  disc  and  a  different  rating  is  made  of  the 
two  lights.  Make  an  equal  and  corresponding  change  for  the 
equality  of  brightness  method,  starting  from  the  same  length  of 
exposure  as  was  given  by  the  flicker  disc,  and  a  corresponding 
and  approximately  equal  change  in  the  result  is  obtained.  For 
example  select  a  certain  rate  of  speed  for  the  flicker  disc,  the  rate 
at  which  the  method  is  most  sensitive.  Determine  the  value  of  the 
individual  exposures  at  this  rate  of  speed.  Set  a  rotary  tachisto- 
scope  to  give  an  exposure  equal  to  this  value  and  judge  the  two 
lights  by  the  equality  of  brightness  method.  An  agreement  of 
result  is  obtained  within  the  limits  of  the  sensitivity  of  the  judg- 
ment. Increase  or  decrease  the  rate  of  speed  of  the  flicker  disc 
and  again  determine  the  value  of  the  individual  exposures.  Set  the 
rotary  tachistoscope  to  give  this  value  of  exposure  and  again 
make  the  rating  by  the  equality  of  brightness  method.  Again 
agreement  in  result  is  obtained  but  the  rating  by  both  methods 
is  diff'erent  from  the  previous  rating.  The  equality  of  brightness 
and  flicker  methods  agree  in  result  if  the  eye  is  given  the 
same  lengths  of  exposure  to  the  lights  compared  in  the  two 
methods ;  they  do  not  agree  if  the  eye  is  given  one  length  of 
exposure  by  the  flicker  method  and  another  by  the  equality  of 
brightness  method.  Nor  will  the  equality  of  brightness  method 
agree  with  itself  in  any  two  determinations,  if  in  one  the  eye  is 
under-exposed  to  the  lights  compared  and  in  the  other  it  is  fully 
exposed  as  it  is  in  the  accustomed  use  of  the  equality  of  bright- 
ness method.  Moreover,  there  is  no  discoverable  reason  why 
agreement  should  be  expected  in  either  of  the  above  cases, 
once  the  facts  about  the  difference  in  the  variation  of  the  in- 
tensity of  sensation  with  the  time  of  exposure  of  the  eye  are 
known  for  lights  of  different  composition. 
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The  method  of  flicker  would  present  no  difficuhy  as  a  means 
of  rating  Hghts  with  regard  to  their  power  to  arouse  the  bright- 
ness sensation  if  the  intensity  of  the  brightness  sensation  were 
a  regular  function  of  the  intensity  of  light.  However,  the 
intensity  of  sensation  is  an  irregular  function  of  three  inter- 
acting variables :  wave-length  and  intensity  of  light  and  time 
of  action  on  the  eye.  It  is  safe  to  predict  that  when  the  relation 
of  the  intensity  of  sensation  to  intensity  of  stimulus  is  finally 
and  correctly  written  for  vision,  intensity  of  sensation  will  not 
be  expressed  as  a  regular  function  of  one  variable  (intensity 
of  stimulus)  as  it  is  in  the  Fechner  formulation ;  but  as  an 
irregular  function  of  three  variables :  wave-length,  intensity  and 
time  of  exposure.^  No  one  would  think  of  attempting  to  express 
the  response  of  the  selenium  cell,  the  photoelectric  cell  or  the 
photographic  plate  to  the  different  wave-lengths  of  light  as  a 
function  of  one  variable  and  yet  the  eye  is  admittedly  more 
complex  in  its  responses  than  any  of  these  reactors. 

Factors  which  affect  the  results  in  flicker  photometry. — Starting 
from  the  above  premise  as  to  the  influence  of  length  of  exposure 
on  the  eye  as  a  balancing  instrument,  it  might  be  instructive  to 
inquire  into  the  number  of  factors  or  changes  in  the  working 
conditions  that  might  be  expected  to  affect  the  results  of  the 
method  of  flicker.  These  factors  so  far  as  wc  have  been  able 
to  discover,  arc  :  ( i )  Wave-length  or  composition  of  light.  Lights 
of  different  wave-length  or  composition  rise  to  their  maximum 
value  in  sensation  at  different  rates,  i.e.,  they  show  different 
amounts  of  lag.  Lights  of  different  composition  which  arouse 
sensations  of  equal  brightness  at  the  optimum  value  of  exposure 
will  arouse  sensations  of  unequal  brightness  for  the  short  ex- 
posures given  by  the  sectors  of  the  flicker  disc  run  at  the 
speeds  ordinarily  employed. 

(2)  Intensity  of  light.  The  lag  changes  witli  change  of  in- 
tensity of  light  and  tlie  change  is  different  in  amount  {ov  the 
different  wave-lengths.  The  effect  of  change  of  intensity  of  light 
on  the  sensations  aroused  by  exposures  of  the  length  used  in 
the  method  of  flicker  is  to  change  the   relative  le\els  to   which 

'  Even  when  tin-  wave  length  and  cxpo.suic  .irr  held  const.int,  the  intensity 
of  urnsation  is  not  n  rci^ular  function  of  intensity  of  liKht.  The  devi«tion!i  from 
regularity  are  (juitc  Urge  when  the  ryr  \•^  cxpo.scd  for  n  tiiiu-  vhortcr  thnn  is 
required  for  the  «n-*;'.tion  to  reach  its  maximum. 
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the  sensations  aroused  by  the  Hghts  compared  are  allowed  to 
rise,  and  thus  the  value  of  the  balance  which  is  established  by 
the  method  of  flicker. 

(3)  The  rate  of  speed  at  which  the  flicker  disc  is  rotated. 
A  change  in  the  rate  of  speed  changes  the  value  of  the  individual 
exposures  and  this  changes  the  relative  levels  to  which  the  sen- 
sations compared  are  allowed  to  rise  during  the  individual  ex- 
posures. Also  this  change  might  be  expected  to  have  and  does 
have  a  different  effect  for  different  intensities  of  the  same  pair 
of  lights. 

(4)  The  relative  lengths  of  exposure  given  by  the  lights  com- 
pared or  the  relative  values  of  the  open  and  closed  sectors  of  the 
disc.  In  practice  the  open  and  closed  sectors  are  given  the 
same  value.  However,  if  these  values  are  made  unequal,  the 
levels  to  which  the  sensations  are  allowed  to  rise  change  cor- 
respondingly and  the  relative  rating  of  the  two  lights  as  to 
luminosity  should  be  changed.  For  example,  if  an  observer 
is  used  who  underestimates  red  and  yellow  and  overestimates 
blue  and  green  at  a  given  intensity  of  light  by  the  flicker  method, 
a  change  in  the  value  of  the  sectors  to  give  a  shorter  exposure 
to  red  or  yellow  and  a  longer  exposure  to  blue  or  green  should 
cause  a  greater  underestimation  of  red  or  yellow  and  a  greater 
overestimation  of  blue  or  green. 

(5)  Field  size  may  be  and  probably  is  a  factor  insofar  as 
changes  in  the  field  size  may  effect  the  relative  rates  of  rise  of 
the  sensations  aroused  by  lights  of  different  composition.  The 
effect  of  field  size  on  the  rate  of  rise  of  sensation  presents  an  in- 
teresting subject  for  further  investigation  and  one  which,  so  far 
as  we  know,  has  not  been  undertaken. 

(6)  State  of  adaptation  of  the  retina.  This  may  also  be  a 
factor  through  a  possible  influence  on  the  rate  of  rise  of  the 
sensations  aroused  by  lights  of  different  compositions. 

Results  will  be  given  in  Part  II  showing  the  effect  of  the  first 
three  of  the  above  factors.  Accompanying  these  results  curves 
will  also  be  given  showing  the  rate  of  rise  of  sensation  plotted 
in  just  noticeably  different  steps  (the  time  j.  n.  d.)  for  the 
same  observer  at  each  of  the  intensities  and  compositions  of  light 
employed  in  the  photometric  work. 


FUCKER  PHOTOMETRY  l6l 

Difference  in  length  of  exposure  the  cause  of  the  disagreement 
between  the  flicker  and  equality  of  brightness  ratings. — The  evi- 
dence in  support  of  this  point  may  be  summarized  as  follows. 

( 1 )  Our  first  and  more  fundamental  evidence  is  the  comparison 
of  the  type  and  amount  of  the  disagreement  between  the  two 
methods  with  the  brightness  to  which  the  sensations  have  been 
allowed  to  attain  for  an  exposure  time  equal  to  that  of  the  in- 
dividual exposures  used  in  the  method  of  flicker.  As  a  basis  for 
this  comparison  the  brightness  was  measured  in  terms  of  just 
noticeable  differences  from  zero.  A  close  agreement  was  found. 
The  rise  of  sensation  curves  were  determined  with  the  same  appa- 
ratus, the  same  observer,  the  same  composition  and  intensities 
of  light,  and  the  same  state  of  adaptation  as  were  used  in  the 
flicker  and  equality  of  brightness  comparison. 

(2)  The  effect  of  intensity  of  light  on  the  type  and  amount 
of  the  disagreement  was  determined  and  the  result  was  checked 
up  on  the  rise  of  sensation  curves  for  three  of  the  seven  in- 
tensities used.  Again  the  disagreement  was  found  to  sustain 
a  close  relation  to  the  difference  in  height  to  which  the  sensa- 
tions are  allowed  to  rise  for  these  intensities  with  the  lengths  of 
exposure  used  in  the  method  of  flicker.^  Furthermore  an  intensity 
was  found  for  each  pair  of  lights  at  which  agreement  occurs 
for  the  two  methods  of  photometry  with  speed  of  rotation  of 
the  disc  ordinarily  employed.  Above  and  below  this  intensity 
came  underestimation  or  overestimation  of  the  colored  light 
depending  upon  the  color  selected  for  comparison  with  the  white 
light.  No  single  intensity  could  be  found  at  which  agreement 
occurred  for  more  than  one  pair  of  lights.  These  most  favor- 
able intensities  were  quite  widely  separated  for  the  four  pairs  of 
lights  and  the  percentages  of  disagreement  at  each  of  these  inten- 
sities for  the  three  remaining  pairs  were  quite  large. 

(3)  The  effect  of  sjK'cd  of  rotation  of  the  flicker  disc  on  the 
type  and  amount  of  disagreement  was  determined  for  each  of  the 
intensities  of  light  employed.  A  number  of  speeds  were  used.  A 
v(M'y  considerable  effect  on  the  (lisaj^rccniciil  was  found,  varying 

•  A  coinparisoti  of  the  cfjirrsi.ondciuc  Ixtwirii  fhi-  two  types  of  photometric 
ratitif?  and  thr  (liffcroncos  in  hciRht  to  which  the  sensations  have  been  allowed  to 
rise  for  the  K'ven  ex[)osureH  can  he  made  with  exactness  only  with  regard  to  the 
type  of  disasrcement  and  the  order  of  ranking  as  to  amount.  Comparisons  of 
actual  amounts  of  jlisajTreemi  nt  with  (liffcreiues  in  sensation  level  ninst  tieeessarily 
be    roiijfh. 
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with  the  intensity  of  Hght  employed.  At  the  intensity  at  which 
agreement  occurred  for  the  two  methods  at  the  most  sensitive 
flicker  speed,  variation  in  speed  produced  its  least  effect,  as  might 
be  expected  from  the  small  angle  of  deviation  of  the  rise  of  sen- 
sation curves  for  the  lights  compared  at  their  point  of  intersection. 
In  some  cases  the  closest  agreement  came  when  the  speed  was 
low,  in  others  when  it  was  high.  The  result  would  obviously 
depend  upon  the  relation  of  the  rates  of  rise  of  sensation  for 
the  two  lights  above  and  below  the  points  from  which  the  change 
of  speed  was  made.  In  much  the  greater  number  of  cases,  how- 
ever, the  closest  agreement  came  with  the  slower  speeds  and  the 
longer  exposures.  Considering  the  trend  of  results  very  broadly, 
it  may  be  said  that  as  the  speed  is  decreased  and  the  length  of 
exposure  increased,  agreement  is  approached  irregularly  as  a  limit, 
the  limiting  value  of  exposure  being  that  used  in  the  equality  of 
brightness  method. 

(4)  The  effect  of  varying  the  relative  values  of  the  exposure 
to  the  lights  compared  was  determined.  The  effect  of  this  unbal- 
ancing of  the  flicker  photometer,  if  a  disturbance  in  the  adjust- 
ment of  an  instrument  already  out  of  balance  can  be  called  unbal- 
ancing, varies  both  with  the  intensity  of  the  light  and  the  speed 
of  rotation  of  the  disc.  In  general  the  effect  of  a  relative 
decrease  of  the  exposure  to  a  light  already  underestimated  and 
an  increase  in  the  exposure  of  the  light  with  which  it  is  compared 
tends  to  increase  the  amount  of  the  underestimation  of  that  light 
by  the  method  of  flicker,  and  conversely.  It  would  seen  that  a 
degree  of  physical  unbalance  or  ratio  of  open  to  closed  sector 
might  be  found  for  any  given  intensity  of  light  and  speed  of 
rotation  of  the  disc  that  would  give  agreement  between  the  two 
methods,  or  would  even  change  an  underestimation  to  an  over- 
estimation.    This  latter  point  has  not  yet  been  verified  by  us. 

(5)  Each  pair  of  lights  at  three  intensities  was  rated  by  the 
equality  of  brightness  method  with  a  value  of  exposure  equal 
to  that  of  the  individual  exposure  used  in  the  method  of  flicker. 
These  short  exposures  were  made  by  means  of  a  rotary  tachisto- 
scope.  Agreement  of  result  was  obtained  within  the  limits  of 
sensitivity  of  the  judgment.  In  every  case  the  flicker  result 
fell  within  the  small  range  of  values  that  was  judged  equal  by 
the  equality  of  brightness  method.    This  might  well  be  considered 
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the  most  important  step  in  the  argument.  It  was  added  as  a 
final  confirmation  not  only  to  show  that  difference  in  time  of 
exposure  is  the  cause  of  the  disagreement  between  the  two 
methods,  but  to  ascertain  whether  there  was  any  detectable  effect 
of  summation  on  the  disagreement,  due  to  the  succession  of 
impressions  given  in  the  method  of  flicker.  If  agreement  in 
result  is  obtained  by  the  two  methods  under  this  condition  it 
would  seem  reasonable  to  conclude  that  no  considerable  effect 
could  be  attributed  to  summation.  The  judgment  by  the  equality 
of  brightness  method  for  the  short  exposures  w^as  not  as  difficult 
as  might  be  supposed  because  the  color  difference  was  very  much 
reduced  by  the  brevity  of  the  exposure;  nor  was  the  sensitivity 
of  the  method  reduced  to  any  considerable  extent  by  the  short- 
ness of  the  exposure. 

The  lights  used  in  these  studies  differed  greatly  in  composition. 
The  colored  lights  were  selected  from  the  spectrum  of  a  Nernst 
filament  by  a  slit  0.5  mm.  wide  and  all  trace  of  impurities  was 
absorbed  out  by  means  of  thin  gelatines  placed  over  the  objec- 
tive slit.  They  were  red  675  m/x;  yellow  579  mfi;  green 
515  mfi;  and  blue  466  nifi.  Seven  intensities  were  used,  ranging 
from  12.5  to  50  meter-candles;  the  field  size  was  1.9  degrees. 
The  standard  lamp  was  a  32  cp.,  4.85  watts  per  mean  spherical 
candle,  carbon  lamp.  When  lights  so  different  in  composition 
as  these  are  used,  there  can  be  no  doubt  that  there  is  a  dis- 
agreement in  result  by  the  two  methods  of  photometry  of  a  type 
and  amount  that  can  not  be  ascribed  to  uncertainty  of  the  judg- 
ment. The  consistent  throw  of  the  disagreement  in  one  direction 
or  the  other  for  a  given  observer  for  a  given  intensity  and  dif- 
ference of  composition  of  light  by  an  amount  greatly  in  excess 
of  the  mean  variation  by  either  method  indicates  clearly  that 
there  is  a  physiological  basis  for  the  disagreement.  For  example, 
if  the  disagreement  were  due  merely  to  an  error  of  uncertainty 
in  the  judgment,  the  throw  for  a  giv(in  observer  would  be  as 
apt  to  be  in  one  <iircction  as  the  other.  Or  if  the  disagreement 
were  due  to  a  difference  in  the  pattern  or  concept  of  what  is 
equality  of  brightness  in  the  presence  of  hue  difTcrcnce,  as  some 
have  suggested,  there  should  not  be  a  complete  and  consistent 
reversal  in  tyi)c  of  disagreement  for  the  same  observer  for  the 
same  pair  of  lights  and  hue  difference  with  no  other  change  of 
condition^  than  change  of  intensity.     A  change  in  the  subjertive 
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pattern  could  account  only  for  such  phenomena  as  inconsistency 
of  rating  by  the  equality  of  brightness  method  for  the  same 
observer  at  different  times,  and  for  differences  in  rating  by  dif- 
ferent observers.  A  consistent  throw  in  any  one  direction  by  the 
same  observer  at  widely  separated  intervals  and  an  equally  con- 
sistent reversal  in  the  direction  of  the  throw  with  change  of 
intensity  could  scarcely  be  accounted  for  on  the  ground  of  unre- 
liability or  inconsistency  of  the  judgment  due  to  an  instable  or 
fluctuating  pattern.  The  disagreement  is  unquestionably  physio- 
logic, not  mental, — grounded  in  the  nature  of  the  response  of  the 
balancing  instrument  not  in  the  evalution  of  that  response  by  the 
judgment.  It  would  seem  just  as  plausible  to  ascribe  the  Purkinje 
shift  and  other  phenomena  well  recognized  and  established  as 
optical,  to  an  error  of  judgment  as  this  equally  consistent  dis- 
agreement of  the  flicker  and  equality  of  brightness  methods.  The 
facts  are  that  we  have  one  type  of  effect  of  change  of  intensity 
on  the  eye  as  a  balancing  instrument  when  exposed  for  a  half 
second  or  more,  and  another  when  exposed  from  0.015  to  0.025 
second.  The  two  effects  do  not  run  parallel.  They  would  run 
parallel,  or  approximately  so,  if  for  a  given  difference  of  wave- 
length and  of  time  of  exposure  the  response  of  the  eye  were 
a  legular  function  of  intensity  instead  of  a  complicated  function 
of  three  interacting  variables..  That  is,  even  with  wave-length 
and  time  of  exposure  held  constant,  the  response  of  the  eye  is  an 
irregular  function  of  intensity,  quite  strikingly  so  when  the  time 
of  exposure  is  less  than  that  required  for  the  sensation  to  rise  to 
its  maximum.  Whatever  may  be  said  for  the  Weber-Fechner 
law  as  expressing  a  characteristic  of  response  of  the  eye  with 
exposures  equal  to  or  greater  than  that  required  for  the  sensation 
to  reach  its  maximum,  surely  little  or  nothing  can  be  said  in  its 
support  for  exposures  shorter  than  this. 

Individual  and  group  differences  in  flicker  photometry. — That 
there  is  a  great  deal  of  difference  in  the  behavior  of  the  flicker 
photometer  with  different  observers  is  well  known.  The  most 
that  can  be  hoped  is  that  observers  will  ultimately  be  found  to 
fall  into  rather  large  groups  or  types.  This  tendency  to  group 
according  to  type  was  brought  out  clearly  in  the  work  of  Ives  and 
Kingsbury*  and  of  Crittenden  and  Richtmyer.'    It  has  also  come 

*  Ives,  H.   E.  and  Kingsbury,  E.  F.  Trans.  I.  E.   S.,    1915,  X,  p.  203. 
'Crittenden,   E-   C.  and  Richtmyer,   F.   K.   Trans.  I.   E.    S.,    1916,  XI,  p.   331. 
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out  Strongly  in  the  drill  work  among  our  own  students  during 
the  course  of  several  years.  For  the  observer  used  in  these 
experiments,  red  was  overestimated  at  50  m.  c.,  underestimated 
at  25  and  12.5  m.  c.,  and  agreement  with  the  equality  of  bright- 
ness method  at  29.39  m.  c.  But  there  is  no  guarantee  whatever 
that  this  result  will  be  true  for  another  observer  selected  at 
random.  A  group  of  observers,  however,  may  be  found  which 
shows  roughly  the  characteristics  of  this  observer.  A  fair  per- 
centage of  such  observers  has  been  found  among  the  students  in 
our  laboratory.  As  yet,  however,  we  have  not  had  the  opportunity 
to  compare  their  flicker  results  with  those  for  the  rise  of  sensation. 
In  relation  to  explanation,  obviously  a  study  should  be  made  of 
individual  and  group  differences  in  the  rise  of  sensation.  The 
work  on  rise  of  sensation  so  far  as  it  has  been  carried  seems  to 
indicate  that  great  individual  differences  may  be  expected. 

The  rating  of  lights  in  relation  to  their  service  to  the  eye. — The 
question  may  be  raised  as  to  how  much  lights  must  differ  in 
composition  before  the  disagreement  between  the  flicker  and 
equality  of  brightness  ratings  comes  to  be  a  serious  matter  in 
practical  work.  Is  the  discrepancy  great  enough  to  be  of  con- 
siderable consequence  for  the  range  of  difference  of  composi- 
tion found  among  artificial  illuminants?  Comparisons  of  arti- 
ficial illuminants  have  been  made  by  Wilde,®  Bell,^  Crittenden 
and  Richtmyer"^  and  others.  It  has  not  been  our  purpose  in 
this  series  of  studies  to  go  into  that  question  at  all.  Our  object 
has  been  merely  to  make  an  analytical  and  explanatory  study  of 
the  phenomcon  of  flicker  under  various  conditions  pertinent  to 
its  application  as  an  indicator  in  making  a  photometric  balance. 

While  it  may  be  said  that  the  equality  of  brightness  method 
gives  a  rating  for  exposures  more  nearly  in  accord  with  those 
ordinarily  used  in  the  act  of  seeing  than  docs  the  method  of 
flicker,  and  should  therefore,  be  regarded  as  the  standard  phot(v 
metric  method,  still  as  was  shown  in  the  paper  presented  by  us 
to  this  Society  last  year,  even  the  equality  of  brightness  method 
does  not  rate  lights  differing  widely  in  composition  according  to 

•  Wildc,  I..  W.     "The  Photomctiy  of  DifTiriiitly  Colored   Lights."   The  lilictrt,  tan 
1909,    I, XIII,    pp.    5|i5M- 

*  UcII,    I<.      "Chromatic    Aberration    and    N'i'iual    .\cuity,"    h'Irctrtcal    H\flJ,     igii 
I,VII,   pp.    I  if)j  I  166. 

'  Crittenden,  Iv  C.  and   Richtmyer,   1*.   K.  loc.  cit. 
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the  power  they  give  the  eye  for  clear  seeing.  That  is,  it  was 
demonstrated  in  that  paper  that  spectrum  Hghts  made  photome- 
trically equal  by  the  equality  of  brightness  method  give  rather 
widely  different  acuities,  speeds  of  discrimination,  and  powers 
to  sustain  acuity.  Furthermore  a  continuation  of  that  study  this 
year  has  shown  that  spectrum  lights  made  equal  both  as  to  satura- 
tion and  brightness  also  give  differences  in  acuity,  speed  and  power 
to  sustain  acuity,  though  not  nearly  so  great.  Obviously  a  method 
based  on  some  aspect  of  acuity  would  rate  lights  differing  in  com- 
position more  nearly  in  accord  with  their  serviceability  to  the 
working  eye  than  any  method  in  which  the  ratings  are  made  in 
terms  of  briglitncss.  Acuity,  however,  is  an  insensitive  indicator 
of  changes  in  light  intensity  at  medium  and  high  illumination. 
Perhaps  the  net-ded  sensitivity  could  be  added  by  using  speed  of 
discrimination  as  an  indicator,  instead  of  acuity  as  determined  in 
the  conventional  way.  While  acuity  changes  slowly  with  inten- 
sity at  medium  and  high  illuminations,  speed  of  discrimination 
changes  rapidly  with  increase  of  illumination  at  these  intensities 
and  very  rapidly  indeed  at  low  illuminations.  The  rating  of  lights 
in  terms  of  their  ability  to  give  equal  speeds  of  discrimination 
of  a  I  min.  opening  or  less  in  a  broken  circle,  or  some  other 
suitable  detail,  would  not  be  a  difficult  or  infeasible  task.  Nothing 
more  would  be  involved  in  that  task  than  indicating  which  way 
the  opening  was  turned  and  the  judgment,  moreover,  would 
present  no  more  difficulty  for  lights  differing  in  color  than  for 
lights  of  the  same  color.  The  method  too  would  have  the  very 
great  advantage  of  an  objective  check  on  the  correctness  of  the 
judgment.^  Also  acuity  itself  changes  rapidly  at  low  illuminations. 
That  is,  a  method  of  rating  lights  based  on  acuity  at  low  illumina- 
tions would  have  a  great  deal  of  sensitivity.  If,  as  stated  by 
some  writers,  the  Purkinje  phenomenon  is  absent  in  the  fovea, 

^  If  at  high  intensities  the  speed  of  discrimination  for  the  size  of  test-object 
used  should  be  less  than  the  time  required  for  the  sensation  to  reach  its  maximum, 
the  objectionable  effect  of  under-exposure  could  be  eliminated  by  having  the  surface 
covering  the  test-object  of  the  same  coefficient  of  reflection  as  the  test  surface. 
This  preexposure  which  could  be  made  of  any  length  desired,  would  add  to  the 
time  the  light  acted  on  the  eye.  The  eye  would  thus  not  be  under-exposed  to 
the  light  which  is  being  rated.  That  is,  the  short  exposure  would  apply  only  to 
the  discrimination  of  detail  at  a  given  level  of  brightness,  not  to  the  brightness 
which  would  be  aroused.  Again  the  smaller  the  test-object,  the  longer  would  be 
the  exposure  needed  to  discriminate  the  required  detail.  This  principle  also  could 
be  used,  if  desired,  to  guard  against  under-exposure.  The  decrease  in  the  size  of  the 
test-object,  by  increasing  the  difficulty  of  the  task  set  to  the  eye  would,  moreover, 
add  to  the  sensitivity  of  the  method   for  picking  up  differences   in  intensity. 
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advantage  could  be  taken  of  that  fact  always  to  make  the  ratings 
at  low  illumination.  The  detail  to  be  discriminated  would  always 
fall  well  within  the  fovea.  It  might  be  well  to  revive  the  acuity 
method  and  see  what  can  be  done  with  it  in  terms  of  facts  that 
have  been  brought  out  in  recent  work.  Where  the  task  set  to 
the  eye  is  merely  the  discrimination  of  brightness,  it  is  clear  that 
the  rating  of  the  lights  to  be  used  should  also  be  in  terms  of 
luminosity  or  brightness ;  but  where  the  task  is  the  discrimination 
of  the  form  or  detail  of  illuminated  objects,  the  rating  of  the 
lights  in  terms  of  some  aspect  of  acuity  would  be  more  appro- 
priate to  the  use  to  which  they  are  to  subserve. 

Theories  as  to  the  cause  of  the  disagreement  between  the  flicker 
and  equality  of  brightness  methods. — Three  factors  have  in  the 
main  been  assigned  as  the  cause  of  the  disagreement  between  the 
flicker  and  equality  of  brightness  ratings :  the  effect  of  intensity 
of  light,  the  size  of  the  photometric  field,  and  the  time  of  expo- 
sure of  the  eye  to  the  lights  compared.  Lauriol,^^  Dow,^^  Millar,^^ 
Ives,^^  and  Luckiesh^*  have  investigated  the  effect  of  intensity 
of  light;  Schenck,^^  Dow,^*'  and  Ives  the  effect  of  size  of  field. 
With  regard  to  intensity  of  light  as  a  factor,  Lauriol  and  Dow 
claim  that  the  relative  shift  in  the  brightness  of  the  different 
colors  at  low  illuminations  is  shown  by  both  methods.  The  shift 
for  Dow,  however,  is  more  pronounced  in  the  equality  of  bright- 
ness than  in  the  flicker  determinations.  For  Lauriol  the  shift 
for  the  different  colors  varies  in  magnitude  by  the  two  methods 
and  in  some  cases  in  direction.  Millar,  on  the  other  hand,  photo- 
metering  a  mercury  against  a  carbon  lamp,  claims  that  the  Pur- 
kinjc  phenomenon  is  not  shown  at  all  by  the  flicker  method  at 

i"I,auriol.  "l,e  photonit^tre  d  papillotement  et  la  photometric  lietcrochrome." 
Bull.  Soc.   Intern,   dcs   Elcctriciens,    1904,   pp.   647-652. 

"  Dow,  J.  S.  "Color  rhcnonu-na  in  Photometry."  Philos.  Mag.,  1906,  XII, 
Scr.    6,    p.    131. 

"  Millar,  P.  S.  "The  Prohlom  of  Hcti  rochromatic  Photometry."  Trans.  I.  IC.  S., 
1909,    IV,    p.    769. 

"  IvcH,  II.  K.  "Studies  in  the  Photometry  of  Light.s  of  Different  Colors." 
Fhtlos.    Mag.,    191.^,    XXIV,    Ser.    6,    pp.     149188. 

'*  I.urkicsh,  M.  "Purkinje  Kffcct  and  Comp.iri.son  of  I'licki-r  and  K<iuality  of 
Hriik'htness   Photometers."      F.lcctrical    World,   March    22,    191J,   p.   620. 

'•"'  Schenck,  P.  "Ucbcr  die  Be.stimmunK  der  HclliRkeit  graucr  and  farbigcr 
Piifmrntpapicre  mittels  intcrmittirende  Nctzhnutrciznng."  Pflugcr'  Archiv,  1896,  I,XIV, 
pp.    607  6iH. 

"Dow,  J.  S.  ol'.  lit.  pp.  1,(1'  i^.j;  "I'hvsioloRical  Prinripie.s  Underlying  the 
Flicker    Photometrr,"    Vhilos.    Mag.,    10  m.    XIX.    S^t.    6,    jip.    ^8-77. 
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low  illuminations ;  while  Ives  and  Luckiesh  go  to  the  other 
extreme  and  declare  that  a  reverse  Purkinje  effect  is  obtained 
by  the  flicker  method. 

Dow,  a  follower  of  the  duplicitdts  theory  of  color  vision, 
believes  that  there  are  two  kinds  of  flicker,  a  coarse  flicker  (rod 
flicker)  and  a  fine  flicker  (cone  flicker).  The  final  adjustments 
for  the  photometric  balance  by  the  method  of  flicker  are  made 
by  the  fine  or  cone  flicker.  The  photometric  balance  then  by  the 
method  of  flicker  is  always  in  terms  of  cone  functioning.  The 
equality  of  brightness  balance,  however,  is  in  terms  of  both  rod 
and  cone  functioning,  unless  a  field  size  is  chosen  which  falls 
within  the  fovea.^'  If  a  field  size  is  chosen  which  falls  within 
the  fovea  the  balance  is  established  by  both  methods  in  terms 
of  cone  functioning  and  a  substantial  agreement  in  result  should 
be  expected.  These  explanatory  principles  proposed  by  Dow. 
although  not  completely  worked  out  and  elaborated  by  him,  may 
be  fairly  singled  out,  we  think,  as  one  type  of  theory  as  to  the 
cause  of  the  disagreement  of  the  results  by  the  two  methods. 

Time  will  not  be  taken  to  develop  all  of  the  arguments 
against  Dow's  conception  of  rod  and  cone  functioning  as  the 
cause  of  the  disagreement.  However,  since  the  importance  of 
intensity  as  a  factor  has  been  noted  by  him  and  other  writers,  it 
might  be  well  to  consider  whether  its  effect  can  be  explained  in 
tt-rms  of  the  rod  and  cone  hypothesis.  If  the  sole  cause  of  the 
disagreement  is  in  terms  of  a  difference  in  rod  and  cone  func- 
tioning, it  is  not  readily  seen  how  intensity  could  affect  the  dis- 
agreement by  the  two  methods  at  all  when  a  field  size  is  chosen 
which  falls  within  the  fovea ;  for  with  fields  of  this  size  the 
balance  is  established  in  terms  of  cone  functioning  by  both 
methods ;  and  intensity,  if  it  affects  the  results  by  one  method, 
should  correspondingly  affect  the  results  by  the  other.  The 
effect  of  intensity,  however,  is  not  only  readily  explained  as  an 
effect  of  lag  on  the  balance  established  by  the  method  of  flicker, 
but  it  is  just  what  would  be  expected  from  a  study  of  the  curves 
for  the  rise  of  sensation  for  different  intensities  of  light.  Even 
the  disagreem.ent  as  to  the  effect  of  the  change  from  high  to  low 
intensities  found  by  Lauriol,  Dow,  Millar,  Ives  and  Luckiesh 
is  what  might  be  expected  in  terms  of  this  explanatory  principle. 

"  It    may   be   pointed   out    that   in    terms    of    the    theory,    the    proportion    of   cone 
functioning  would  increase  with  increase  of  intensity  of  light  for  extrafoveal  field  sizes. 
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That  is,  these  men  were  probably  working  with  different  types 
of  observer, — Ives  and  Luckiesh  with  a  type  for  which  it  might 
be  inferred  red  and  yellow  rise  to  a  higher  value  than  blue  and 
green  lor  the  length  of  exposure  used  in  the  method  of  flicker 
for  the  lower  intensities,^^  and  the  converse  for  the  higher  inten- 
sities. There  seems  to  be  no  explanation  at  all  for  such  differences 
in  effect  in  terms  of  the  Dow  adaptation  of  the  duplicitdts  theory 
of  color  vision. 

With  regard  to  size  of  field  as  a  factor  Schenck  found  that 
a  decrease  in  si.^e  lowered  the  mean  variation  for  the  flicker 
method  and  decreased  the  luminosity  value  for  all  colors.  Dow 
found  that  h?,  the  size  of  field  was  decreased  red  and  yellow 
lightened  relatively  to  blue  and  green.  Ives^®  admitting  the 
disagreement  and  accepting  size  of  field  and  intensity  of  stimulus 
as  important  causes,  sought  to  determine  whether  a  field  size  and 
an  intensity  could  be  found  for  which  the  methods  agree.  He 
photometered  different  portions  of  the  spectrum  against  carbon 
lamps  at  a  number  of  intensities  and  with  different  field  sizes, 
and  found  in  general  that  the  luminosity  curves  obtained  by 
the  two  methods  differed.  The  difference,  however,  was  less  for 
high  intensities  and  small  field  sizes  than  for  low  intensities  and 
larger  field  sizes.  He  concludes  that  high  illuminations  (25  m.  c. 
and  above)  are  the  most  favorable  to  agreement. '°  Our  results 
would  seem  to  indicate  that  perhaps  this  generalization  was  based 
on  the  use  of  too  limited  a  range  both  of  the  higher  intensities 
and  of  wave-length.  Agreement  was  found  by  us  for  the  spec- 
trum red  (675  ntfi)  and  the  carbon  lamp  at  29.39  "^-  c. ;  for  the 
spectrum  yellow  (579  uifi)  at  26.12  m.  c. ;  for  the  green  (515  Wfi) 
1 1. 91  m.  c. ;  and  for  the  blue  (466  ntfi)  at  14.91  m.  c.  Twenty-five 
meter-candles,  the  value  which  he  estimated  his  most  favorable 
intensity  approximately  to  bc,'^  was  found  by  us  to  be  compara- 

"*  I'or  an  example  of  this  type  of  observer,  sec  M.  A.  Hills,  "The  Lag  of  Visual 
Sensation  in  its  Relation  to  Wave-length  and  Intensity  of  Light."  Psychological 
Mouofjrafhs,    No.     127,    p.    93. 

"  Ives,    II.    I-:        loc.    cit. 

*•  "Of  consich  rahlc  practical  interest  is  the  fact  that  the  flicker  method  most 
nearly  agrees  with  the  method  of  equality  of  briRhtness  at  high  illuminations." 
(Ives.  I'hilos.  Mag.,  1912,  XXIV,  (6),  p.  18^.]  "An  illumination  of  js  m.  c.  was 
chosL-n  since  by  the  means  described  below  this  was  found  to  correspond  closely 
to  the  high  illumination  at  which  the  results  of  the  flicker  and  eciuality  of  brightness 
methods    became    the    same."      ((?/>,    cit.,    p.    854.) 

-'  Ives,  H.  K.  "The  Spectral  Luminosity  Curve  of  the  /\vci;(Ke  V.yv,"  /'/ii/c.f.  hiag., 
19W.    XXIV,    (6).   pp.   8s3-86j. 
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tively  favorable  to  agreement  for  red  and  yellow  (the  range  of 
spectrum  used  by  Ives  was  653  to  517  mfx)  ;  but  the  disagreement 
for  these  colors  become  large  again  as  the  intensity  was  increased 
up  to  50  m.  c.  Moreover  25  m.  c.  was  not  at  all  favorable  for  the 
Wue  and  green.  The  most  favorable  intensity  is  the  one  which 
allows  the  sensations  aroused  by  the  lights  compared  to  rise 
to  the  same  level  or  nearly  so  for  the  short  exposures  used  in 
the  method  of  flicker.  Just  what  this  intensity  is  can  not  be 
predicted  in  advance  for  any  observer  even  for  one  pair  of  lights. 
A  table  is  appended,  Table  I,  in  which  is  shown  in  percentages 
the  difference  in  result  obtained  by  the  five  observers  used  by 
Ives  at  the  intensity  of  light  (250  Illumination  Units)  which  of 
those  used  he  calls  most  favorable  to  agreement  by  the  two 
methods.  It  will  be  seen  from  this  table  that  the  disagreement 
is  by  no  means  eliminated.  In  the  table  percentage  overestimation 
is  designated  by  -\-  and  underestimation  by  — . 

TABLE  I." — Showing  in  Percentage  the  Diei^erence  in  Result  Be- 
tween THE  Methods  of  Fucker  and  Equality  of  Brightness  for 
the  Five  Observers  Used  .  by  Ives  at  "250  Illumination 
Units/'  His  Most  Favorable  Intensity. 


X 

H.  E.  I. 
Per  cent 

M.  I,. 
Per  cent 

p.  w.  c. 

Per  cent 

C.  F.  t,. 
Per  cent 

F.  E.  C- 

Per  cent 

0.653  ^ 

— 12.0 

+29.0 

—18.0 

—51-0 

—50.0 

0.643  /* 

-3.6 

+56.0 

—  7.0 

—31.0 

—23.7 

0.632  /* 

—  4-3 

+20.0 

—15.5 

—45-5 

— 12.9 

0.622  fi 

—  7.3 

+  12.5 

—  4-2 

— 42.0 

— iS-9 

0,612   /A 

— lO.O 

+   8.3 

-6.5 

—  7.5 

+  0.3 

0.594   /* 

—   I.O 

—  0.5 

—  0.5 

+  7.5 

+  5.8 

0.574   /* 

+  0.5 

—  2.4 

—  2.5 

+27.0 

—  5-9 

0.555    ^ 

—  0.4 

—  8.0 

—1 1.9 

-4.8 

+  8.9 

0.545    ^ 

—  3.1 

-8.4 

-13.8 

+  30 

+  8.0 

0.535    f^ 

—  1.9 

—  4.0 

— 12.6 

— 12.0 

+14.3 

0.526   fl 

0 

-8.7 

— 21.4 

—  30 

+35.5 

0.517    f^ 

+  0.6 

—10.8 

-13.8 

—33.0 

+30.0 

It  seems  quite  clear  that  field  size  and  intensity  can  not  play  a 
very  important  role  as  a  foundation  cause  of  the  disagreement 
in  the  results  of  the  two  methods,  and  that  agreement  can  not 
come  for  lights  of  all  compositions  through  a  search  for  one 
most  favorable  field  size  and  intensity.  We  have  found  only  one 
way  in  which  agreement  can  be  brought  about  for  lights  of  all 
compositions,  namely,  by  giving  the  eye  the  same  length  of  ex- 
posure by  both  methods.     When  an  exposure  is  selected  for  the 

^' These  percrntagrs   were   compiUed  by  use   from   Table   II,   p.    i86,   Philos.  Mag., 
1912,    XXIV,    (6). 
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equality  of  brightness  method  equal  in  value  to  that  given  by  the 
individual  exposures  in  the  method  of  flicker,  the  desired  agree- 
ment alone  is  obtained.  When  however,  agreement  is  wanted 
only  for  a  given  pair  of  lights  the  case  is  different.  An  intensity 
can  be  found  that  will  satisfy  this  condition,  namely,  that  intensity 
for  which  the  sensations  aroused  by  the  two  lights  have  risen  to 
Ihe  same  level  for  the  lengths  of  exposure  given  in  the  method 
of  flicker.  Such  an  intensity  has  been  found  by  us  for  each  of 
the  four  spectrum  lights  when  matched  against  the  carbon  lamp. 
This  intensity,  however,  is  different  for  each  of  the  spectrum 
lights. 

That  time  of  exposure  is  the  cause  of  disagreement  was,  so 
far  as  we  know,  first  suggested  by  Morris-Airey.    It  would  seem 
a  priori  that  time  of   exposure  might  aflfect  the   results  of  the 
method  of  flicker  in  one  or  both  of  two  ways, — through  a  dif- 
ference in  the  rise  of  sensation  for  the  different  colors  during 
the  individual  exposure;  and  through  a  difference  in  their  per- 
sistence   between  exposures.     Time    of   exposure  might    affect 
the  results  by  the  equality  of  brightness  method  through  a  dif- 
ference in  the  decrease  or  decay  of  sensation  when  the  eye  is 
exposed    through    a    longer    period    than    is    required    for    the 
sensation  to  reach  its  maximum,   although  the  chances  of   this 
effect  being  of  any  considerable  importance  are  slight  owing  to 
the  comparatively  slow  rate  of  decrease  of  sensation  after  the 
maximum  has  been  reached.     A  brief  discussion  of  how  time 
of  exposure  might  be  expected  to  be  effective  is  given  by  Morris- 
Airey,  but  no  experimental  work  was  done.     In  an  article  appear- 
ing in  The  Electrician,  Dec.  17,   1909,  LXIV,  p.  401,  he  says: 
•'In  recent  years  photometers  of  the  flicker  type  have  obtained  a 
certain  degree  of  prominence,  but  from  time  to  time  suspicions 
have  been   raised  as  to  whether  the  principle  on  which   flicker 
photometers  are  based  does  not  involve  physiological  phenomena 
which  disturb  the  conditions  of  illumination  so  that  the  numbers 
obtained  are  not  a  true  rei)rcsentation  of  the  illuminating  powers 
of   the  sources  to  be   compared.      Physiologists  arc  at   variance 
with  regard  to  color  theory.  *****    With  every  new  change  of 
color  theory  the  pliysicist  would  have  to  change  his  starting  j^oint 
in  the  cxi)lanation  of  a  i)henomcnon  like  the  flicker  effect  and  I 
suggest   that    a   iiioi  i'  stable   foundation    for   a   i)hysiral   theory   is 
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to  be  found  in  the  experimental  examination  of  the  growth  and 
decay  of  the  retinal  stimulus  due  to  differently  colored  lights 
without  any  attempt  to  connect  thq  form  of  the  curves  obtained 
with  physiological  theories  which  are  admittedly  of  uncertain 
stability."  Morris-Airey  then  cites  a  phenomenon  described  by 
G.  N.  Stewart  (Proc.  Roy.  Soc.  Edin.,  1888)  which  is  merely  a 
re-discovery  by  Stewart  of  a  phonomenon  described  by  Fechner^* 
many  years  before  and  now  called  Fechner's  colors.  Stewart 
observ^ed  that  when  a  mirror  reflecting  white  light  was  rotated  at 
different  rates  of  speed,  the  image  of  the  source  of  light  appeared 
successively  in  different  colors.  This  selective  unbalancing  of 
the  retina's  action  to  give  the  component  colors  instead  of  white, 
obviously  could  be  due  either  to  difference  in  rate  of  rise  of  the 
component  color  excitations  or  to  a  difference  in  their  rate  of 
persistence  through  the  dark  interval  between  the  flashes  or  to 
both.  This  phenomenon  can  be  more  conveniently  demonstrated 
by  the  rotation  of  either  white  or  black  sectors  (180°  each),  a 
black  spiral  on  a  white  disc,  or  a  specially  constructed  disc 
(Benham's  disc)  made  up  of  sectors  of  i8o°  of  white  and  i8o° 
of  black.  On  the  white  sector  are  painted  narrow  45°  arcs  at 
different  distances  from  the  center  of  the  disc  and  differently 
spaced  with  relation  to  the  two  edges  of  the  white  sector.  These 
black  arcs  are  seen  in  different  colors  depending  upon  their  spac- 
ing in  relation  to  the  edges  of  the  white  sector,  and  the  colors 
change  as  the  speed  of  rotation  of  the  disc  is  changed. 

The  rate  of  growth  and  decay  as  an  explanatory  principle  was 
considered  by  Ives^*  who  seemed  to  believe,  however,  that  DoVs 
rod  and  cone  theory  offered  greater  possibilities  of  explanation. 
As  an  objection  to  the  explanation  suggested  by  Morris-Airey 
it  is  interesting  to  note  that  Ives  says :  **It  is  not  established  that 
at  the  same  illumination  the  rates  of  rise  of  sensation  are  actually 
different  for  different  colors  *****  *  *  it  is  clear  that  these 
phenomena  of  rise  of  sensation  must  be  studied  with  the  same 
observer  and  apparatus  by  which  are  made  flicker  measurements 
in  which  they  may  play  a  part."  In  Jan.,  1914,  the  theory  advanced 
by  us  in  this  paper  was  first  proposed  before  the  Philadelphia 

"  Fechner,  G.  T.  "Ueber  eine  Scheibe  zur  Frzeugung  Subjectiver  Farbon,"  Poggen, 
Annal.,     1838,    XLV,    pp.    227-212. 

2*  Ives,    H.    F.     Philos.  Mag.,    1912,   XXIV,    (6)    pp.    178-181. 
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Section  of  this  Society  and  experimental  data  offered  in  its  sup- 
port. This  paper  was  reviewed  in  an  editorial  in  The  Electrical 
Review  and  Electrician  Mar.  7,  19 14,  pp.  478-479,  and  was  pub- 
lished in  full  in  The  Psychol.  Rev.,  1915,  XXII,  pp.  1 10-162. 
Later  in  1914  Luckiesh^^  explains  the  discrepancy  between  the 
flicker  and  equality  of  brightness  ratings  in  terms  of  the  different 
rates  of  growth  and  decay  of  the  color  sensations ;  but  seems 
inclined  to  reject  this  explanation  in  an  appendix  to  the  same 
paper. 

The  theory  proposed  by  us  differs  from  that  suggested  by 
Morris-Airey  and  Luckiesh  in  that  we  attribute  the  cause  to 
differences  in  the  rate  of  rise  of  sensation,  not  to  both  rate  of 
rise  and  decay.  Difference  in  rate  of  decay  as  a  factor  is,  we 
grant,  an  a  priori  possibility ;  but  we  feel  reasonably  sure  that  it 
is  not  a  factor  of  any  considerable  consequence  because  if  it 
were,  its  effect  would  be  manifested  through  a  differential  sum- 
mation effect.  That  there  is  no  detectable  differential  summation 
effect  seems  pretty  well  proven  by  the  fact  that  within  the  limits 
of  sensitivity  of  the  equality  of  brightness  judgment  the  same 
results  are  given  by  both  methods  of  rating  when  the  same  lengths 
of  exposure  are  used, — that  is  the  difference  in  level  to  which  the 
two  sensations  rise  in  a  single  exposure  by  the  flicker  method  is 
not  decreased  by  a  detectable  amount  in  the  succession  of  ex- 
posures. 

"Luckiesh,    M.      Phys.    Rev.,    1914,    (2),    IV,    pp.    i-ii. 
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FLICKER  PHOTOMETRY* 

II.    COMPARATIVE    STUDIES    OF    EQUALITY    OF 

BRIGHTNESS  AND  FLICKER  PHOTOMETRY 

WITH  SPECIAL  REFERENCE  TO  THE  LAG 

OF  VISUAL  SENSATION 


BY  C.  E.  FERREE  AND  GERTRUDE  RAND** 

The  Lag  of  Visual  Sensation  in  Relation  to  the  Disagreement 
of  Flicker  and  Equality  of  Brightness  Photometry  for  Lights  of 
Different  Compositions. 

The  experimental  work  under  this  heading  covers  two  points : 
(i)  A  comparison  of  the  rating  of  four  spectrum  lights  at  three 
intensities  against  a  carbon  lamp  by  the  methods  of  flicker  and 
equality  brightness;  and  (2)  a  determination  of  the  curves  of 
the  rise  of  sensation  for  these  five  lights  at  each  of  the  three 
intensities  using  the  same  apparatus,  the  same  observer  and  the 
same  state  of  adaptation  of  the  eye.  The  results  obtained  enable 
us  to  make  a  direct  comparison  of  the  type  and  roughly  the  amount 
of  the  disagreement  between  the  two  methods  of  photometry  with 
the  actual  luminosities  or  brightnesses  to  which  the  two  sensations 
had  been  allowed  to  rise  for  values  of  exposure  equal  to  the 
individual  exposures  used  in  the  method  of  flicker.  As  a  basis 
for  this  comparison  the  brightnesses  were  measured  in  terms  of 
just  noticeably  diflFerent  steps  from  zero.  No  experimental  evi- 
dence more  direct  as  to  type  than  this  can  be  offered,  we  believe, 
on  the  relation  of  lag  to  the  disagreement  in  question.  If  it  be 
foimd,  for  example,  that  for  a  given  intensity  of  light,  red  and 
yellow  are  underestimated  by  the  method  of  flicker  and  blue  and 
green  overestimated,  then  it  should  be  shown  by  the  curves  that 
the  sensations  aroused  by  the  red  and  yellow  lights  had  risen  to 
a  lower  and  by  the  blue  and  green  to  a  higher  value  than  the  sen- 
sation aroused  by  the  light  of  the  carbon  lamp.  The  value  which 
the  sensation  would  attain  can  be  read  off  directly  from  the  curve 
and  comparisons  made  with  the  type  and  amount  of  disagree- 
ment between  the  two  methods  of  photometry.  In  the  remaininij 
chapters  the  evidence  offered  by  this  comparison  is  supplemented 
and  rounded  out  by  results  when  the  eye  is  given  the  same  length 

*A    paper    presented    at    the    annual    convention    of    the    Illuminatinfi:    Enginecrinkj 
Society     Swampscott,   Mass.,    September  25-28,    1922. 

♦♦Department  of  Psychology,   Bryn  Mawr  College,  Bryn  Mawr,   Pa. 
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of  exposure  by  both  methods  of  photometry  and  by  showing  the 
effect  of  varying  the  speed  of  rotation  of  the  disc  and  the  inten- 
sity of  Hght  on  the  amount  and  type  of  disagreement  on  the 
results  in  question. 

The  colored  light  was  taken  from  the  spectrum  of  a  Nernst 
filament  operated  at  0.6  amp. ;  a  narrow  band  in  the  red  at  675  fUfx, 
of  yellow  at  579  mix,  of  green  at  515  m/x,  and  of  blue  at  466  m/x. 
The  breadth  of  slit  used  in  isolating  these  bands  was  0.5  mm. 
In  every  case  the  light  was  examined  for  impurities  at  the  objec- 
tive slit  by  means  of  a  small  Hilger  direct  vision  spectrometer 
provided  with  an  illuminated  scale.  When  found  impurities  were 
absorbed  out  by  thin  gelatine  filters  placed  over  the  objective  slit, 
so  selected  as  to  absorb  as  little  as  possible  of  the  useful  light. 
The  spectrum  lights  were  photometered  against  a  32  cp.  carbon 
lamp,  4.85  watts  per  mean  spherical  candle.  The  photometric 
comparisons  were  made  and  the  rise  of  sensation  curves  deter- 
mined at  12.5,  25,  and  50  m.  c.  as  measured  by  the  equality  of 
brightness  method. 

The  plan  of  the  apparatus  used  is  indicated  in  Fig.  i  and  a 
photograph  is  shown  in  Fig,  2.  The  light  from  the  objective  slit 
was  collimated  by  the  lens  A,  Fig.  i,  and  focussed  on  the  eye 
by  the  lens  B.  The  image  formed  fell  within  the  pupil.  By 
substituting  this  lens  system  for  the  eye-piece  of  the  spectroscope 
the  need  and  inconvenience  of  the  use  of  an  artificial  pupil  was 
eliminated,  and  a  surface  of  uniform  color  was  presented  to  the 
eye.  Lens  B  was  diaphragmed  by  a  circular  opening  E  of  such 
a  size  and  such  a  distance  from  the  eye  as  to  furnish  a  photo- 
metric field  of  1.9  degrees.  Between  the  lenses  A  and  B  was 
interposed  the  90  degree  sectored  disc  D  mounted  on  an  electric 
rotator;  and  between  lens  B  and  the  opening  E,  the  disc  F  of 
the  rotarv  tnchistoscopc  u^-rd  in  makin-2^  the  exposin-es  for  deter- 
mining the  rise  of  sensation  curves.  Discs  D  and  F  were  both 
of  light  sheet  nhiminuni.  Disc  D  was  coated  with  magnesium 
oxide  deposited  from  the  burning  metal ;  Disc  F  was  jxaintccl  mat 
black. 

The  method  (jf  making  the  i)lu)l()nielric  comj).irisons  was  as 
follows.     For  the  equality  of  brightness  determinations,  disc  D, 
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reflecting  the  light  from  the  carbon  lamp  L*  was  turned  so  that 
its  edge  bisected  vertically  the  photometric  field  at  E,  and  the 
luminosity  of  the  colored  light  was  increased  or  decreased  by 
adjusting  the  collimator  slit  until  it  equalled  by  the  equality  of 
brightness  method  the  12.5,  25  or  50  m.  c.  reflected  from  the  disc 
D  after  the  correction  had  been  made  for  the  absorption  of  lens  B. 
The  sensitivity  of  the  determination  by  the  equality  of  bright- 
ness method  was  approximately  2  per  cent,  varying  around  this 
value  with  the  color  and  intensity  of  the  light.  For  the  flicker 
determinations  the  disc  D  was  rotated  and  the  position  of  the 
carbon  lamp  adjusted  on  the  bar  until  no  flicker  was  obtained  at 
the  lowest  possible  speed  that  would  give  no  flicker.  At  this 
speed  the  sensitivity  of  the  determination  was  around  0.4  per  cent 
varying  with  the  color  and  intensity  of  the  light. 

In  making  the  determinations  for  the  rise  of  sensation  curves 
for  color,  the  disc  D  was  turned  completely  out  of  the  beam  of 
light  so  that  the  entire  field  at  E  was  seen  as  colored ;  and  for 
the  curves  for  white  it  was  turned  so  as  to  cut  ofif  the  colored  light 
completely  and  reflect  the  light  from  the  carbon  lamp  so  that  the 
entire  field  at  E  was  seen  as  white  (see  footnote  below).  The 
exposure  disc  F  of  the  rotary  tachistoscope  was  then  turned  into 
position.  This  disc  was  compounded  from  two  pairs  of  discs 
having  radii  respectively  of  17  and  24  cm.  These  discs  were 
mounted  on  the  axle  of  the  tachistoscope  the  position  of  which 
*vas  so  adjusted  that  the  circular  edge  of  the  smaller  pair  of  discs 
bisected  vertically  the  field  seen  at  E.  These  halves,  right  and  left, 
of  the  photometric  field  formed  the  standard  and  comparison  fields 
for  the  determination  of  the  rise  of  sensation  curves.  This  deter- 
mination was  made  as  follows.  The  smaller  set  of  discs  was 
closed  completely  and  the  larger  was  opened  by  a  series  of  ad- 
justments until,  with  a  given  speed  of  rotation  of  the  discs,  a 
just  noticeable  sensation  was  aroused.  For  the  next  observation 
the  smaller  pair  of  discs  was  given  this  vakie  of  opening  and  the 
opening  of  the  larger  pair  was  increased  until  a  just  noticeable 
difference  in  brightness  was  obtained.  The  series  was  continued, 
the  comparison  opening  for  one  observation  being  made  the 
standard  for  the  next,  until  a  value  of  exposure  was  obtained, 
no  further  increase  of  which  caused  a  noticeable  increase  of 
brightness  of  the  comparison  field.  This  was  accepted  as  the 
optimum  value  of  the  sensation  and  the  sensations  produced  by 

*  For  convenience  this  light  will  be  designated  as  white  iu  the  rest  of  the  paper  nnd 
ill  the  fisrures. 


Fig.    I. — Plan   of   apparatus. 
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other  exposures  were  rated  in  terms  of  their  number  of  just 
noticeable  differences  from  zero.  Further  increase  of  length  of 
exposure  caused  a  decrease  in  the  brightness  of  the  comparison 
field  and  a  continuation  of  the  series  beyond  this  point  gave  the 
just  noticeable  difference  values  needed  to  plot  the  other  half  of 
the  curve  vv^hich  represents  the  temporal  course  of  sensation,  rise, 
and  fall. 

The  exposure  apparatus  or  rotary  tachistoscope  was  made  up 
of  the  rotation  apparatus  and  two  pairs  of  specially  constructed 
sectored  discs.  The  rotation  apparatus  consisted  of  a  heavy  Y- 
shaped  stem  with  carefully  turned  bearings  in  which  rotated  a 
spindle  fitted  with  an  arbor  and  chuck  to  hold  the  exposure  discs. 
Since  only  a  single  exposure  was  wanted  for  any  observation, 
the  discs  were  driven  by  a  gravity  or  fall  device.  That  is,  on  the 
other  end  of  the  spindle  was  the  larger  of  a  two  cog-wheel  gear 
system.  Attached  at  its  middle  to  the  larger  cog-wheel  was  a 
rod  I  meter  long  designed  to  carry  on  its  two  arms  equal  weights. 
For  most  of  this  work  in  order  to  give  short  exposures  and  high 
speeds,  a  heavy  weight  was  carried  on  one  arm  alone.  These 
weights  which  slip  on  the  rod  were  of  lead  and  were  held  in  posi- 
tion by  means  of  set  screws.  The  rod  was  graduated  in  mm.  so 
that  at  any  time  the  position  of  the  weights  could  be  read  directly 
from  the  axle.  Before  an  exposure  the  rod  was  held  in  position 
by  a  catch,  the  height  of  which  was  adjustable.  When  the  catch 
was  released  the  weight  fell  rotating  the  discs  with  a  velocity 
depending  upon  the  height  of  the  catch  and  the  position  of  the 
two  weights  on  the  rod.  After  the  fall  the  other  end  of  the  rcxi 
was  caught  automatically  by  a  second  catch. 

Another  factor  in  determining  the  length  of  the  exposure  is 
the  displacement  of  the  open  sector  from  the  path  of  the  stimulus 
light  or  its  position  in  the  circle  of  rotation;  for  obviously  upon 
this  will  depend,  with  a  given  height  of  the  catch  and  a  given 
position  of  the  weights  on  the  driving  voi\,  the  amount  of  accelera- 
tion which  is  given  to  the  disc  before  the  open  sector  roaches  the 
path  of  the  stimulus  light.  'I'liis  value  for  the  initial  distance  of 
the  open  sector  from  the  path  of  the  stiniuhis  light  was  fixed  by 
pinning  permanently  to  the  axle  that  disc  of  each  set.  the  edge  of 
which  made  the  beginning  of  the  exposure,  so  that  these  edges 
were   in   the    same   radial   line. 
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The  values  of  the  open  sectors  were  measured  with  a  Vernier 
protractor  graduated  to  seconds  of  arc.  These  measurements 
after  any  number  of  sets  of  observations  could  be  converted  into 
units  of  time  by  a  simple  process  of  calibration.  Smoked  paper 
was  clipped  to  the  disc  across  the  open  sector ;  the  pendulum  was 
released  with  the  weights,  the  starting  point,  etc.,  just  as  they 
were  in  the  original  observation ;  and  a  time  line  was  run  across 
the  open  sector  by  an  electric  tuning  fork  the  vibration  frequency 
of  which  was  known.  The  paper  was  removed,  shellaced  and 
the  records  counted  at  leisure. 

Prior  to  the  use  of  this  method  of  determining  the  rate  of  rise 
of  sensation,  a  preliminary  study  was  conducted  in  our  laboratory 
in  which  a  comparison  of  results  was  made  using  all  of  the  older 
methods  and  three  new  ones  devised  for  the  purpose.^®  The 
work  was  done  with  spectrum  lights  with  the  same  observer  and 
state  of  adaptation  of  the  eye  and  as  nearly  as  possible  the  same 
apparatus  for  each  of  the  methods.  As  the  result  of  this  inter- 
comparison  and  interchecking  of  methods,  the  one  used  in  the 
present  study  was  selected  as  the  most  feasible  and  perhaps  the 
surest  in  principle.  The  new  methods,  all  of  which  were  devised 
by  the  present  writers,  were  designed  not  only  to  ascertain  the 
time  in  which  a  given  stimulus  produces  its  maximum  effect  on 
sensation,  but  to  make  possible  a  comparison  of  the  sensation 
values  at  any  point  in  the  rise  or  fall.  There  are  two  possibilities 
of  making  accurate  and  reproducible  judgments  of  sensation, 
namely,  the  judgments  of  equality  and  just  noticeable  difference. 
Upon  these  judgments  all  quantitative  work  on  sensory  responses 
ultimately  rests.  Both  of  these  were  utilized  in  developing  the 
new  methods  mentioned  above.  The  development  of  these 
methods  have,  in  fact,  been  just  the  systematic  application  of 
these  two  judgments  to  the  problem  in  question  in  accord  with 
the  purpose  mentioned  earlier  in  the  paragraph.  The  just  notice- 
able difference  obviously  may  be  determined  by  holding  the  time 
of  exposure  constant  and  varying  the  intensity  of  light  or  con- 
versely by  holding  the  intensity  of  light  constant  and  varying 
the  time  of  exposure.  The  latter  principle  was  employed  in  the 
method  used  in  this  work.  The  sensation  value  obtained  by  this 
method  may  thus  be  called  a  time  just  noticeable  difference. 

^  For  the  details  of  this  study,  See  M.  A.  Bills,     "The  I^ag  of  Visual   Sensation 
in  its  Rlation  to  Wavelength  and  Intensity  of  Light."     Psych.  Monog.,  No.  127,  p.  181. 
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Fig.    3. — Curves  showing   the   rise   of   sensation   to   the   maximum    for   white,    red, 
yellow,   green    and    blue   at    12.5    meter-candles. 

Curves  representing  the  results  obtained  for  the  rise  of  sensa- 
tion are  shown  in  Kigs.  3-10.  In  these  charts  just  noticeable 
(lifTerences  in  luminosity  are  plotted  along  the  vertical  and  time 
of  exposure  along  the  horizontal  coordinate.  Fig.  3  shows  the 
curves  for  the  five  lights  at  12.5  m.  c.  At  this  intensity  the  curves 
were  completed  to  the  maximum  and  slightly  beyond.  As  would 
be  expected  from  the  fact  that  all  the  lights  were  of  the  same 
photometric  value,  the  same  numl)er  of  just  noticeable  differences 
(31)  was  obtained  for  each  to  the  maximum.  'Phe  o|^tinuim 
time  of  exposure  for  the  blue  was  0.157  second;  for  the  green 
0.174  second;  for  the  yellow  0.195  second;  for  thr  red  (^.233 
second;  and  for  the  carbon  lamj)  0.254  second. 
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Fig.  4. — Curves  showing  the  rise  of  sensation  up  to  0.04  sec.  exposure  for  white, 
red,  yellow,  green  and  blue  at  12.5  meter-candles. 


In  Fig.  4  the  lower  part  of  the  curves  of  Fig.  3  is  plotted  on 
a  laiger  scale.  On  these  curves  the  height  to  which  the  sensation 
rises  for  a  length  of  exposure  equal  to  that  of  the  individual 
exposures  used  in  the  method  of  flicker  is  indicated  by  a  short 
vertical  line.  In  the  use  of  the  flicker  method  we  worked  at  the 
lowest  possible  speed  that  would  give  no  flicker.  Since  this 
speed  is  slightly  different  for  the  different  colors  the  values  of 
the  individual  exposures  were  slightly  different.  On  this  chart 
are  shown  also  the  photometric  values  given  to  the  colored  lights 
both  by  the  equality  of  brightness  and  the  flicker  methods.  It 
will  be  noted  that  red,  yellow  and  green  are  all  underestimated 
by  the  method  of  flicker,  red  the  most ;  and  that  blue  is  over- 
estimated. An  inspection  of  the  curves  shows  that  this  is  as  it 
should  be  according  to  the  relative  heights  to  which  the  sensations 
rise  for  the  time  of  exposure  used  in  the  method  of  flicker. 
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fig.   5. — Curves  showing  the  rise  of  sensation   up  to  0.04  sec.  exposure   for   white, 
red,  yellow,  green  and  blue  at  25   metcr-candlcs. 


In  Fig.  5  curves  are  given  for  the  rise  at  25  m.  c.  These 
curves  were  not  continued  to  the  maximum  because  of  the  pro- 
hibitive amount  of  time  and  work  required  to  make  the  complete 
series  for  li^'hts  of  this  intensity.  'I'hc  scries  was  continued  up 
to  an  exposure  time  of  0.04  second  (15  to  18  just  noticeable 
dilTcrenccs  (h-pendinj^^  upon  the  color),  which  is  well  in  excess  of 
the  flicker  exposure.  The  photometric  results  show  that  all  the 
colors  were  underestimated  in  the  order  from  least  to  ^neatest 
of  yellow,  ri'd,  <^Mei-n  and  blue.  The  curves  for  rise  show  that 
for  the  value  of  r\|)()smi'  used  in  the  metlKxl  of  llicker.  the  caihon 
li^dit  has  risen  to  the  highest  value  in  sensation, — then  yellow,  red. 
green  and  blue. 
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Rating 

R    49.86  m,c. 

Y    49.86  m.c. 

G    49.86  m.c. 

B    49.86Lm.c. 
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f?ating 

58.78  m.c. 
61.74  mc. 
42.01  m.c. 
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Fig.  6. — Curves  showing  the  rise  of  sensation  up  to  0.04  sec.  exposure  for  white, 
red,  yellow,  green  and  blue  for  50  meter-candles. 

Fig.  7. — Curves  showing  the  rise  of  sensation  up  to  0.04  sec.  exposure  for  red 
and  white,    12.5,  25  and  50  meter-candles. 

Fig.  6  shows  the  curves  at  50  m.  c.  These  curves  likev^ise 
vi^ere  continued  only  up  to  0.04  second  (20  to  2J  just  noticeable 
differences).  The  photometric  data  show  an  overestimation  of 
red  and  yellow  by  the  method  of  flicker  at  this  intensity  and  an 
underestimation  of  green  and  blue.  Yellow  was  overestimated 
quite  a  great  deal  more  than  red,  and  blue  was  underestimated 
slightly  more  than  green.    Several  intersections  in  the  curves  will 
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I'lR.  8. — Curves  showinK  the  rise  of  st-iisation   up  to  0.04  sec.  exposure   for  yellow 
and    white,    12.5,    25    and    50    meter-candles. 

I'lR.    (). — Curvts    showing    the    rise    of    sensation    for    0.04    sec.    exposure    for    green 
and    white,    12.5,    25    and    50    meter-candles. 

be  luHcd, — one  for  red  and  yellow  at  an  expo.sure  .sii^L;hily  less 
than  that  used  in  the  method  of  Hicker,  and  one  for  ^reen  and 
blue  at  an  exposure  slightly  longer  than  the  llicker  exposure. 

In  h'ii;.  7  are  shown  for  conii)arison  the  eurves  for  red  and 
white  at  the  three  intensities.  An  exact  correspondence  in  the 
type  of  deviation  of  the  photometric  results  and  of  their  ranking; 
as  to  amount  with  the  respective  dilTerences  in  the  heiijhts  to 
which  the   red   and  white   ^cnsntions  have   risen,   will   be   noted. 
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Fig.    10. — Curves  showing  the  rise  of  sensation  up  to  0.04  sec.   exposure   for  blue 
at  12.5,  25  and  50  meter-candles. 

The  greatest  deviation  is  the  overestimation  of  red  at  50  m.  c. ; 
the  next  greatest  is  the  underestimation  at  12.5  m.  c, ;  and  the 
least  the  underestimation  at  25  m.  c.  An  inspection  of  the  rise 
of  sensation  curves  shows  that  red  has  risen  to  a  higher  level 
than  white  for  the  given  exposure  at  50  m.  c.  and  to  lower  levels 
at  12.5  and  25  m.  c.  Also  the  difference  in  level  is  greatest  at 
50  m.  c,  next  greatest  12.5,  and  least  at  25  m.  c.  That  is,  the 
correspondence  of   the   two  sets  of   results   is   as   it   should   be. 
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Similar  comparisons  are  made  of  the  curves  for  yellow  and  white 
in  Fig.  8 ;  for  green  and  white  in  Fig.  9 ;  and  for  blue  and  white 
in  Fig.  10. 

It  may  be  stated  that  the  photometric  and  rise  of  sensation 
work  were  done  in  quite  different  series.  The  chance  for  bias 
by  pre-knowledge  of  the  results  of  one  type  of  work  before  the 
other  was  done  was  negligible.  For  example,  while  the  work 
was  scattered  through  the  years  191 7-1922,  the  final  conversion 
of  the  settings  of  the  exposure  apparatus  into  units  of  time  was 
not  made  until  late  in  the  spring  of  1922. 

The  Effect  of  Varying  Intensity  on  the  Disagreement  of  the 
Results  by  the  Flicker  and  Equality  of  Brightness  Methods  for 
Lights  of  Different  Composition. 

In  the  series  of  experiments  planned  to  carry  out  the  compari- 
son between  the  disagreement  in  the  results  by  the  methods  of 
flicker  and  equality  of  brightness  on  the  one  hand  and  the  rise 
of  sensation  on  the  other,  three  intensities  were  used,  12.5,  25 
and  50  m.  c.  Several  intensities  were  added  during  the  course 
of  the  work  in  order  to  investigate  certain  points  that  came  out 
in  the  study  of  the  relation  of  the  two  photometric  methods. 

It  was  found  that  the  type  of  disagreement  between  the  two 
methods  was  different  for  each  of  these  three  intensities.  For 
example,  at  12.5  m.  c.  blue  was  overestimated  by  10.23  per  cent; 
and  red,  yellow  and  green  were  underestimated  by  22.54,  21.26 
and  4.72  per  cent  respectively.  At  25  m.  c.  reil,  yellow,  green  and 
blue  were  all  underestimated, — red  by  6.56  per  cent,  yellow  by 
3.96  per  cent,  green  by  17.15  per  cent,  and  blue  by  24.28  per  cent. 
At  50  m.  c.  red  was  overestimated  by  17.89  per  cent,  yellow  by 
23.83  per  cent ;  and  blue  and  green  were  underestimated, — blue 
by  16.67  per  cent  and  green  by  15.74  per  cent.  At  intensities  some- 
what lower  than  12.5  m.  c,  c.  g.,  at  10.20  m.  c,  blue  and  green 
were  overestimated  and  red  and  yellow  were  underestimated.  That 
is,  between  these  lower  intensities  and  intensities  in  the  neighbor- 
hood of  50  m.  c.  there  was  a  complete  reversal  of  the  tv])e  of 
disagreement  for  the  red  and  yellow  and  foi-  the  hhu-  .ind  green. 
Figs.  7-10  .should  be  consulted  for  a  comparison  of  the  rise  of 
sensation  curvi-s  with  the  .nnoiint  and  dirrction  of  these  (le\iations 
from  tho^e  obtained  bv  the  e(nialit\-  of  briiihtiiess  method. 
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60 


Fig.    II. — Curves   showing   the    effect    of    varying   intensity    on    the    disagreement 
between  the  equality  of  brightness  and  flicker  ratings  for  lights  of  different  composition. 


Since  all  of  the  colors  showed  the  characteristic  shift  from 
underestimation  to  overestimation  or  the  converse,  it  seemed 
reasonable  to  expect  that  an  intensity  might  be  found  for  each 
pair  of  lights  at  which  agreement  with  the  equality  of  brightness 
rating  would  occur.  The  search  for  this  intensity  was  somewhat 
of  a  trial  and  error  character  controlled,  however,  by  a  fairly 
regular  decrease  in  the  disagreement  as  the  intensity  in  question 
was  approached.  For  example,  red  was  overestimated  at  50  m.  c. ; 
underestimated  at  25  m.  c. ;  and  still  more  underestimated  at 
12.5  m.  c.  Agreement  was  found  at  29.39  ^-  c.  A  similar  indi- 
cation of  the  region  of  intensity  in  which  agreement  might  be 
expected  to  occur  was  had  in  case  of  each  of  the  other  colors. 
Agreement  was  found  for  yellow  at  26.12  m.  c. ;  for  green  at 
11.91  m.  c. ;  and  for  blue  at  14.91  m.  c.  The  region  over  which 
agreement  could  be  obtained  was  narrow  as  is  shown  by  the 
large  angle  at  which  the  curve  expressing  percentage  disagree- 
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Fig.  12. — Showing  in  per  cent  the  overestimation  and  underestimation  of  the 
flicker  as  compared  with  the  equality  of  brightness  ratings  for  lights  of  different 
compositions  at  different  intensities. 


ment  of  the  results  by  the  method  of  flicker  crosses  the  Hne 
representing  agreement  for  the  different  intensities  as  rated  by 
the  equahty  of  brightness  method  (Fig.  12).  The  three  re- 
maining colors  were  photometered  at  each  of  the  intensities  at 
which  agreement  was  found  for  one  of  the  colors  in  order  to 
get  sonic  idea  of  the  deviation  that  might  be  expected  for  the 
other  parts  of  the  spectrum  if  one  of  these  intensities  were  selected 
as  standard.  At  29.39  m.  c.  (agreement  for  red)  yellow  was 
overestimated  by  the  method  of  flicker  by  11.84  per  cent;  green 
was  underestimated  by  19.02  per  cent  ;  and  bine  was  underesti- 
mated by  23.27  per  cent.  At  26.12  m.  c.  (agreement  for  yellow) 
red  was  underestimated  by  6.36  per  cent;  green  by  16.89  P<-t 
cent;  and  blue  by  23. .13  per  cent.  At  1.I.91  m.  c.  (agreement  for 
blue)  red  was  umlereslimatetl  by  14.69  per  cent;  yellow  by  17.71 
per  cent;  and  green  by  8.79  per  cent.  At  11. 91  m.  c.  (agreement 
for  green)  red  was  underestimated  by  21.92  jut  rent  ;  and  yellow 
by   21.25   P*-*'"   ^"^''^'  •    '''''*■    ^^''"^   ()\  eri'stlni.'ited    by    HVS3    per   cent. 
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These  determinations  were  made  at  the  speed  of  rotation  of  the 
disc  ordinarily  used  in  the  method  of  flicker,  i.  e.,  the  speed  which 
gives  the  greatest  sensitivity.  When  the  speed  was  changed 
agreement  no  longer  occurred  at  these  intensities.  The  amounts 
of  disagreement  for  the  other  colors  were  also  shifted  by  the 
change  of  speed.  It  is  quite  possible  of  course  that  another 
intensity  may  be  found  for  each  pair  of  lights  above  50  m.  c.  or 
below  12.5  m.  c.  at  which  agreement  would  occur. 

In  searching  for  the  intensity  at  which  agreement  occurs  in  case 


TABLE  I. — Showing  the  Effect  of  Intensity  of  Light  on  the  Amount 

AND  Type  of  Disagreement  op  the  Results  by  the  Equality 

of  Brightness  and  Fucker  Methods. 


Photometric  rating 

Revolutions 

Equality  of 

Flicker 

Difference 

between 

per  sec. 

Length  of 

brightness 

method 

the  two  methods 

flicker 

individual 

Color 

method 

disc. 

exposures 

m.  c. 

m.  c. 

+ 

m.  c. 

per  cent 

+  17.89 

12.5 

sec. 

Red 

49.86 

58.78 

8.92 

0.020 

(675  wm) 

34-03 

35.56 

+ 

1.53 

+  4.50 

12.4 

0.02016 

29.39 

29.39 

0.0 

0.0 

12.2 

0.02049 

26.12 

24.46 

— 

1.66 

-  6.36 

12.2 

0.02049 

25.01 

23.37 

— 

1.64 

—  6.56 

12.15 

0.02058 

14.91 

12.72 

— 

2.19 

—14.69 

II.8 

0.021 19 

12.51 

9.69 

— 

2.82 

—22.54 

12.0 

0.02083 

II.9I 

9-30 

— 

2.61 

— 21.92 

II  75 

0.02128 

Yellow 

49.86 

61.74 

+ 

11.88 

+23-83 

12.6 

0.01984 

(579  m.u) 

29-39 

32.87 

+ 

3-48 

+  11.84 

12.2 

0.02049 

26.12 

26.12 

0.0 

0.0 

11.9 

0.02  lOI 

25.01 

24.02 

— 

0.99 

—  3.96 

12,2 

0.02049 

14.91 

12.27 

— 

2.64 

—17.71 

II-5 

0.02174 

12.51 

9.85  ' 

— 

2.66 

— 21.26 

11-35 

0.02203 

11.91 

9.38 

— 

2.53 

—21.25 

II. I 

0.02252 

Green 

49.86 

42.01 

— 

7.85 

—  15.74 

12.3 

0.02033 

(515  »'2A0 

2939 

23.80 

— 

5-59 

— 19.02 

12.4 

0.02016 

26.12 

21.71 

— 

4.41 

—16.89 

1 1.9 

0.02 1 01 

25.01 

20.72 

— 

4.29 

—17.15 

11.8 

0.021 19 

14.91 

13.69 

— 

I -3 1 

-8.79 

11.5 

0.02174 

12.51 

11.92 

— 

0-59 

—  4.72 

11.3 

0.02212 

11.91 

1 1. 91 

0.0 

0.0 

11.2 

0.02232 

10.20 

II. 18 

+ 

0.98 

+  9.61 

II.O 

0.02273 

Blue 

49-86 

41.55 

— 

8.31 

—16.67 

12.3 

0.02033 

(466   7)1  fJ.) 

29-39 

22.55 

— 

6.84 

—23.27 

12.0 

0.02083 

26.12 

20.00 

— 

6.12 

-23.43 

122 

0.02049 

25.01 

18.94 

— 

6.07 

—24.28 

12.0 

0.02083 

15.80 

14.91 

— 

0.89 

-5.63 

12.0 

0.02083 

14.91 

14.91 

0.0 

0.0 

12.0 

0.02083 

13.60 

14.91 

+ 

I-3I 

+  963 

12.0 

0.02083 

12.51 

13.79 

+ 

1:28 

+10.23 

11.6 

0.02155 

II  .9 1 

1 3  20 

-h 

1.29 

+10.83 

11.8 

0.02 119 

FLICKER  PHOTOMETRY  189 

of  blue,  an  interesting  and  very  baffling  phenomenon  of  low  flicker 
sensitivity  was  found  over  a  range  on  either  side  of  the  point  at 
which  agreement  occurred  with  the  equality  of  brightness  method. 
A  change  from  13.6  to  15.8  m.  c.  as  rated  by  the  equality  of 
brightness  method,  gave  no  difference  in  rating  by  the  method 
of  flicker.  This  low  sensitivity  by  the  method  of  flicker  was 
very  hard  to  understand  until  the  rise  of  sensation  work  for  12.5 
and  25  m.  c.  was  completed  and  the  curves  plotted.  A  compari- 
son of  these  curves  showed  very  little  difference  in  the  sensation 
level  for  the  lengths  of  exposure  used  in  the  method  of  flicker 
even  for  a  change  as  great  as  from  12.5  to  25  m.  c.  That  is, 
the  rise  of  sensation  curves  for  these  two  intensities  of  blue  lie 
very  close  together  for  quite  a  little  distance  above  and  below 
the  point  representing  the  flicker  exposure.  We  were  confronted 
here  then  by  the  somewhat  anomalous  result  that  when  the  carbon 
standard  was  set  to  give  14.91  m.  c.  on  the  photometric  field, 
the  colored  light  could  be  changed  through  a  range  of  13.6  to 
15.8  m.  c,  as  rated  by  the  equality  of  brightness  method,  without 
producing  any  change  of  result  by  the  flicker  method ;  yet  the 
result  of  the  comparison  with  the  equality  of  brightness  method 
had  to  be  pronounced  an  overestimation  of  9.63  per  cent  by 
the  method  of  flicker  at  the  lowest  point  of  this  range  ;  agree- 
ment at  14.91  m.  c. ;  and  an  underestimation  of  5.63  per  cent  at 
the  highest  point  in  the  range.  As  the  sensitivity  of  the  equality 
of  brightness  method  was  of  the  order  of  1.5  to  2.5  per  cent,  we 
have  here  the  unusual  phenomenon  of  the  equality  of  brightness 
method  showing  much  greater  sensitivity  than  the  method  of 
flicker. 

The  results  of  this  work  on  the  eft'ect  of  variation  of  intensity 
are  shown  in  Table  I  and  Figs.  11  and  12.  In  Fig.  11  equality 
of  brightness  rating  is  plotted  along  the  horizontal  coordinate 
against  the  flicker  rating  along  the  vertical  coordinate.  Agree- 
ment between  the  two  methods  is  represented  by  a  solid  line 
bisecting  the  angle  formed  by  the  two  coordinates.  Points  on  the 
curve  for  c.-kIi  of  tlie  colors  falling  above  the  line  show  a  higher 
rating  by  the  flicker  than  by  the  equality  of  brightness  method 
or  overestimation  by  the  method  of  flicker;  and  points  falling 
below  the  line  a  lower  rating  by  the  flicker  than  by  the  c(iuality 
of  l)rightness  method  or  underestimation  by  the  method  of  flicker. 
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Fig.  12  represents  percentage  overestimation  and  underesti- 
mation by  the  method  of  flicker.  The  rating  in  m.  c.  by  the 
equahty  of  brightness  method  is  plotted  along  the  horizontal 
coordinate  and  percentage  disagreement  along  the  vertical.  The 
zero  line  parallel  to  the  horizontal  coordinate  represents  agree- 
ment between  the  two  methods.  Points  above  and  below  this 
line  represent  respectively  percentage  overestimation  and  under- 
estimation by  the  method  of  flicker  at  the  different  meter-candle 
values.  Agreement  between  the  two  methods  occurs  at  the  points 
w^here  the  flicker  curves  cross  the  zero  line. 

The  Effect  of  Speed  of  Rotation  of  the  Disc  on  the  Disagree- 
ment of  the  Results  by  the  Flicker  and  Equality  of  Brightness 
Methods   for  Lights   of  Different   Composition   and  Intensity. 

If  time  of  exposure  is  a  factor  in  the  disagreement  between  the 
results  of  the  flicker  and  equality  of  brightness  methods,  it  would 
seem  altogether  probable  that  speed  of  rotation  of  the  disc  would 
affect  the  amount  and  perhaps  the  type  of  disagreement.  The 
effect  had  been  noticed  in  the  work  of  our  laboratory  long  before 
it  was  made  the  subject  of  a  systematic  investigation.  In  fact 
in  the  present  series  of  studies  this  was  our  first  point  of  attack 
on  the  problem. 

In  making  an  investigation  of  this  point  a  means  of  producing 
very  small  changes  of  speed  of  rotation  of  the  disc  is  required. 
For  this  purpose  we  were  provided  with  a  motor  specially  wound 
for  speed  control  (500  to  6000  revolutions  per  minute)  and  a 
rheostat  of  the  ordinary  sliding  contact  type  connected  in  series 
with  a  rotating  drum  wound  with  many  turns  of  low  resistance 
wire.  The  speed  of  rotation  of  the  disc  was  automatically 
recorded  by  a  small  speed  counter  attached  to  the  axle  of  the 
motor. 

For  each  of  the  seven  intensities  of  light  mentioned  in  the 
preceding  section,  the  following  speeds  were  used :  the  speed 
giving  the  greatest  sensitivity  to  the  method  of  flicker,  one  speed 
lower  and  a  number  of  speeds  higher  than  this.  For  the  most 
sensitive  speed  and  the  speeds  higher  than  this,  a  position  or  a 
small  range  of  positions  could  be  found  for  the  standard  lamp 
which  gave  no  flicker;  for  the  lower  speed,  however,  the  balance 
had  to  be  made  in  terms  of  minimum  flicker.  The  sensitivity 
of  the  determinations  varied  considerably  of  course  with  change 
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Equality  of 
Brightness  Rating 


A  49.86  m.c. 


B  34.03  m.c. 

29.39  m.c. 

D  26.12  m.c, 
E  25.01  m.c. 


F  14.91  m.c. 
G  12.51  m.c. 
H  11.91  m.c. 


J.016 


0.022 


0.018  0.020 

EXPOSURE  (SECONDS^ 
15.6  13.9  12.5      '         11.4 

CYCLES  PER  SECOND 

Fig.  13. — Showing  the  effect  of  varying  the  speed  of  rotation  of  the  disc  on  the 
disagreement  of  the  flicker  and  equality  of  brightness  ratings  at  different  intensities 
for  red. 


of  speed.  For  the  most  sensitive  speed  it  rang-cd  from  0.20  to 
0.68  per  cent ;  for  the  lower  spceil,  from  0.53  to  2.59  per  cent ; 
and  for  the  higher  speeds  from  0.64  to  25.58  per  cent. 

The  results  showed  consistently:  (i)  That  the  rating  hv  the 
method  of  flicker  varies  with  the  si)ecd  of  rotation  of  the  disc. 
(2)  That  the  flicker  and  equality  of  brightness  ratings  were  in 
some  cases  in  closest  agreement  when  the  speed  of  rotation  of 
the  disc  was  slow  ;  in  others  when  it  was  high.  Tlu'  result  would 
obviously  dci)en(l  uj)on  the  relation  of  tlie  rate  of  rise  of  sensation 
for  the  two  lights  above  and  below  the  ])()int  from  which  the 
ehange   of   speed    was   made.      In    much    the  greater   number   of 
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cases  studied,  it  will  be  noted  that  the  closest  agreement  came 
with  the  slowest  speed  and  the  longest  exposure.  Considering 
the  trend  of  results  very  broadly  it  may  be  said  that  as  the  speed 
is  decreased  and  the  length  of  exposure  is  increased,  agreement 
is  approached  irregularly  as  a  limit,  the  limiting  value  of  exposure 
being  that  used  in  the  equality  of  brightness  method.  And  (3) 
that  the  speed  which  gives  the  method  of  flicker  its  greatest  sen- 
sitivity does  not  give  the  closest  agreement  in  result  with  the 
equality  of  brightness  method. 

The  changes  in  result  are  quite  striking.  The  details  are  given 
in  Tables  II-IV  and  Figs.  13-16.  In  these  charts  meter-candles 
as  rated  by  the  flicker  method  are  plotted  along  the  vertical  co- 
ordinate and  the  length  of  exposures  used,  also  cycles  of  the 
flicker  disc  per  second,  along  the  horizontal  coordinate.  For 
comparison  the  equality  of  brightness  ratings  for  the  different 
intensities  are  indicated  on  the  same  meter-candle  scale  at  the 
right  of  the  chart.  A  few  of  the  results  may  be  singled  out  here. 
A  change  in  the  speed  from  11.8  to  14. i  cycles  per  second  (a 
change  in  the  length  of  the  individual  exposures  from  0.021 19 
to  0.01773  second)  for  red  at  50  m.  c.  changed  an  overestimation 
by  the  method  of  flicker  from  8.08  to  18.31  m.  c,  a  percentage 
change  from  16.21  to  36.72.  A  change  in  speed  from  12  to  16.2 
cycles  per  second  (a  change  in  the  exposure  from  0.02083  to 
0.01543  second)  for  blue  at  50  m.  c.  changed  an  underestimation 
of  7.34  to  12.67  m.  c,  a  percentage  change  of  from  14.72  to  25.41. 
A  change  in  speed  from  11.9  to  14.8  cycles  per  second  (a  change 
in  the  exposure  from  0.2 loi  to  0.01689  second)  for  green  at 
50  m.  c,  changed  an  underestimation  from  6.50  to  12.67  ^^-  c., 
a  percentage  change  of  from  13.04  to  25.41.  And  a  change  of 
speed  from  11,9  to  14.4  cycles  per  second  (a  change  in  the  ex- 
posure from  0.02101  to  0.01736  second)  for  yellow  at  50  m.  c, 
changed  an  overestimation  of  9.76  to  21.56  m.  c,  a  percentage 
change  of  19.57  ^o  43-24. 

The  results  of  these  tables  for  50,  25  and  12.5  m.  c.  should  be 
studied  in  connection  with  the  rise  of  sensation  curves  for  these 
intensities.  However  it  is  a  somewhat  difficult  task  in  this  case 
to  make  even  roughly  the  comparisons  needed.  That  is,  while 
the  colors  were  set  to  give  50,  25  and  12.5  m.  c.  by  the  equality 
of  brightness  rating,  the  white  light  which  matches  this  by  the 
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TABLE  II. — Showing  the  Effect  of  Speed  of  Rotation  of  the  Disc 

ON  THE  Type  and  Amount  of  Disagreement  of  the  Results  by 

THE  Equauty  of  Brightness  and  Flicker  Methods. 
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TABLE  III. — Showing  the  Effect  of  Speed  op  Rotation  of  the  Disc 

ON  THE  Type  and  Amount  of  Disagreement  of  the  Results  by 

THE  Equality  of  Brightness  and  Fucker  Methods. 
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TABLE  IV. — Showing  the  Effect  of  Speed  of  Rotation  of  the  Disc 

ON  THE  Type  and  Amount  of  Disagreement  of  the  Results  by 

THE  Equality  of  Brightness  and  Fucker  Methods. 
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Fig.    14. — Effect   of,  speed  of   rotation   of   the   disc    for  yellow, 


method  of  flicker  at  the  different  speeds  would  not  have  been  given 
tliese  ratings.  The  intensities  used  then  for  the  white  Hght  in 
this  study  of  the  effect  of  speed  are  only  approximately  repre- 
sented by  the  curves  for  the  rise  of  sensation  for  white  light  at 
50,  25  and  T2.5  m.  c. 

The  Agreement  of  the  Results  by  the  Flicker  and  Equality  of 
Brightness  Methods  tvhen  the  same  Lengths  of  Exposure  are 
used  in  both  Methods. 

As  a  final  proof  that  the  discrepancy  in  the  results  between 
the  flicker  and  equality  of  brightness  methods  is  due  to  the  dif- 
ference in  the  time  the  eye  is  exposed  to  the  lights  compared  by 
the  two  methods,  it  was  decided  to  make  the  comparison  using 
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Kjg.    15. — Effect  of  speed  of  rotation  of  the  disc  for  green. 


equal  lengths  of  exposure  by  both  methods.  That  is,  the  exposure 
of  the  eye  in  the  equality  of  brightness  method  was  cut  down  to 
equal  that  used  in  the  method  of  flicker.  These  short  exposures 
were  given  by  means  of  the  rotary  tachistoscope  described  in  a 
former  section,  provided,  however,  with  only  one  pair  of  sectored 
discs.  The  photometric  field  was  the  same  as  was  used  in  the 
previous  equality  of  brightness  comparisons.  Some  apprehension 
might  be  had  as  to  the  sensitivity  of  the  equality  of  brightness 
comparison  with  these  short  exposures.  The  judgment,  however, 
was  not  difficult  because  the  saturation  of  the  colors  was  greatly 
reduced  by  the  brevity  of  the  exposure  and  the  brightness  com- 
parison was  rendered  much  less  uncertain  thereby.  The  sensitivity 
of  the  determination  ranged  from  1.3  to  2.7  per  cent. 

The  determinations  were  made  for  these  values  of  exposure 
at  50,  25  and  12.5  m.  c.  In  every  case  the  flicker  rating  fell 
within  the  small  range  of  values  that  were  called  ecjual  in  the 
short  exposure  e(juality  of  brightness  judgment.  The  results  of 
this  work  are  given  in  Table  VI. 
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TABLE  v.— Showing  the  Effect  of  Speed  of  Rotation  of  the  Disc  on 

THE  Type  and  Amount  of  Disagreement  of  the  Results  by  the 

Equality  of  Brightness  and  Flicker  Methods. 
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Fig.    16. — Effect   of  speed  of  rotation   of   the  disc   for  blue. 


TABLE  VI. — Showing  Agreement  of  the  Results  by  the  Fucker  and 

Equality  of  Brightness  Methods  When  the  Same  Length 

OF  Exposure  is   Used  in   Both   Methods. 
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DISCUSSION 

Louis  Bell  :  I  think  we  owe  a  considerable  debt  of  gratitude 
to  the  authors  of  this  paper  for  a  really  laborious  and  careful  in- 
vestigation of  these  discrepancies  in  photometry  which  have  often 
bothered  us,  and  it  is  extremely  interesting  to  me  to  learn  of  the 
very  great  importance  of  the  length  of  exposure  under  the 
equality  of  brightness  method,  as  leading  to  the  one  easiest  way 
of  bringing  it  into  agreement  with  the  flicker  method.  In  other 
words,  the  glimpse,  the  brief  glimpse  of  the  equality  of  brightness 
gives  the  same  balance  perception  that  the  flicker  photometry 
does.     That  is  correct,  is  it  not? 

C.  E.  FerrEE:     Yes. 

Louis  Bell  :  Why  this  should  be  perhaps  may  be  difiicult  to 
see.  I  have  long  had  an  impression  that  the  phenomenon  of 
simultaneous  contrast  was  the  principal  thing  that  stood  in  our 
way  in  equality  of  brightness  work,  and  I  was  very  much  in- 
terested to  hear  Dr.  Ferree  say  that  the  color  difference  was  very 
much  less  and  tended  toward  equality  in  this  glimpse  work. 

I  think  the  elegance  and  the  ingenuity  of  the  apparatus  is  as 
interesting  as  the  novelty  of  the  results. 

Eugene  C.  Crittenden  :  Mr.  Chairman,  I  think  it  is  fair 
to  say  that  we  have  had  more  theorizing  on  the  matter  of  flicker 
and  equality  of  brightness,  in  proportion  to  the  amount  of  ex- 
periments done,  than  almost  any  other  subject,  and  the  Society 
therefore  is  especially  indebted  to  the  authors  for  the  amount  of 
data  they  have  put  before  us,  based  on  definite  measurements.  It 
is  therefore  especially  to  be  regretted  that  the  printed  paper  was 
not  available  sooner  so  that  we  might  have  had  an  opportunity  to 
study  and  partially  digest  this  material,  in  order  to  discuss  it  more 
intelligently.  I  am  sure  we  can  all  join  in  congratulating  the 
authors  on  the  clear  way  in  which  it  has  been  presented,  but  there 
is  so  much  presented  here,  that,  we  can  hardly  absorb  it,  no 
matter  how  well  it  is  stated.  I  have  therefore  only  a  few  ques- 
tions to  ask  and  these  may  possibly  be  covered  in  the  paper. 

Most  of  us  who  have  dealt  with  comparisons  of  lights  of  dif- 
ferent colors  have  come  to  put  great  faith  in  having  a  large 
number  of  observers  to  base  our  ratings  on,  rather  than  taking 
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a  small  number,  and  I  would  like  to  ask,  in  the  first  place,  about 
the  basis  for  the  comparison  of  flicker  values  with  those  which 
are  given  for  the  equality  of  brightness :  whether  those  compari- 
sons are  based  on  several  observers  or  whether  as  I  understood, 
it  is  simply  the  judgment  of  one  observer.  There  is  such  a  mass 
of  material  presented  here  and  the  amount  of  work  involved  is 
so  great  that  I  hesitate  to  make  criticisms  that  would  involve  a 
larger  amount  of  work  to  meet  them.  I  trust  the  authors  will  have 
no  thought  that  we  do  not  appreciate  the  amount  of  work  in- 
volved in  connection  with  this  paper.  I  wish  merely  to  emphasize 
the  danger  of  basing  conclusions  on  measurements  by  a  single 
observer. 

Another  question  is  as  to  the  definite  significance  of  the  de- 
tails of  the  curves  given ;  that  is,  as  I  understand  it,  these  curves 
are  built  up  by  successive  steps  in  such  a  way  that  necessarily 
the  uncertainty  is  cumulative.  That  is,  one  step  is  based  on 
another,  as  I  get  the  significance  of  the  curves,  and  a  certain 
amount  of  wandering  back  and  forth  of  the  values  is  therefore 
to  be  expected,  as  for  instance,  in  Fig.  9  on  page  183,  showing 
the  green  and  white  curves ;  the  results  as  printed  in  the  summary 
are  so  consistent  that  I  suppose  those  crossings  may  be  signifi- 
cant. The  question  I  wish  to  ask  is  whether  the  authors  consider 
those  details  are  definitely  established,  or  whether  a  repetition 
of  the  work  by  the  same  observer,  or  similar  curves  made  by 
other  observers,  would  show  the  same  peculiarities. 

1  have  one  other  question,  with  regard  to  the  significance  of 
the  method  of  exposure:  If  I  understand  the  operation  of  the 
tachistosco{)e,  one  steps  from  a  practically  dark  field  to  the  field 
in  which  the  lights  are  shown ;  and  my  query  is  whether  stepping 
from  one  color  to  another — for  instance,  from  a  red  to  a  green — 
would  give  an  effect  which  could  be  oalculaletl  from  these  re- 
sults obtained  in  stepj)ing  from  a  dark  field  to  a  light  field;  in 
other  words,  whether  the  state  of  a(lai)t;ition  which  results  when 
stepping  from  the  dark  field  to  a  light  one  is  a  basis  for  judgment 
as  to  wh.'it  will  h;i|>iu-n  when  one  goes  from  one  light  held  to 
another  light  lield,  where  the  dilTerenee  is  not  in  intensity  hut  in 
color. 
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B.  E.  Shackelford:  I  would  like  to  ask  one  question,  al- 
though it  is  perhaps,  as  Mr.  Crittenden  remarks,  covered  in  the 
paper.  The  question  refers  to  the  curves  show^n  in  Fig.  5  where 
I  notice  that  the  rise  in  response  for  white  is  at  the  extreme  of 
all  of  the  colors.  I  am  not  sufficiently  familiar  with  the  subject 
to  be  able  to  interpret  this  in  my  own  mind,  but  I  had  rather  ex- 
pected some  sort  of  a  mean.  Perhaps  it  is  a  summation  of  the 
lower  intensities  of  the  individual  colors  which  make  up  the  total 
of  the  white.  I  would  like  some  information  on  the  point.  Have 
you  any  physiological  explanation  for  that  fact? 

If,  for  instance,  blue  sensation  rose  more  rapidly  than  red 
sensation,  if  I  may  use  a  short  terminology,  would  you  not  at 
first  hand  expect  that  with  a  light  which  was  composed  of  both 
of  those  colors  the  sensation  would  rise  at  a  rate  somewhere  be- 
tween those  original  rates?  At  first  glance  it  appears  that  the 
effect  may  be  explained  by  variations  in  the  slope  of  the  curves 
since  the  white  of  the  given  intensity  is  a  summation  of  the  lower 
intensities  of  the  component  colors. 

C.  E.  FerreE  and  Gertrude  Rand:  We  reply  with  some 
hesitation  to  Dr.  Bell's  discussion  because  we  are  not  at  all  sure 
that  we  have  interpreted  his  meaning  correctly  as  to  the  role 
color  difference  and  simultaneous  color  contrast  may  play  in  the 
disagreement  of  the  flicker  and  equality  of  brightness  methods. 
It  is  not  our  belief  that  the  short  exposure  used  in  connection 
with  the  equality  of  brightness  method  produces  agreement  with 
the  flicker  method  because  it  reduces  the  color  difference  be- 
tween the  two  fields.  The  agreemeni  comes  because  the  two 
sensations  compared  have  the  chance  to  rise  to  the  same  bright- 
ness level  by  the  two  methods  when  the  same  length  of  exposure 
is  used  in  both  methods.  Color  difference  as  a  subjective  factor 
renders  the  judgment  of  brightness  equality  difficult  to  make  by 
the  equality  of  brightness  method.  This  affects  the  sensitivity 
and  precision  of  the  judgment  of  brightness  equality  but  it  can 
not,  we  believe,  affect  the  underlying  physiological  balance.  To 
use  a  physical  analogy  it  affects  the  ease  and  precision  of  the 
reading  of  the  balancing  instrument  but  in  no  way  does  it  affect 
the  balance  given  by  the  instrument.  The  reduction  of  the  color 
difference  by  the  short  exposure  then,  so  far  as  color  difference 
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is  a  disturbing  factor,  makes  the  instrument  easier  to  read.  The 
instrument  gives  the  same  balance  when  used  by  the  two  methods 
only  when  the  lights  are  allowed  to  act  upon  it  the  same  length 
of  time.  This  principal  has  its  foundation  in  the  nature  of  the 
eye  as  a  balancing  instrument,  namely  its  selectiveness  of  response 
to  time  of  exposure  when  the  lights  to  be  balanced  differ  in  wave- 
length or  composition.  The  phenomenon  of  color  contrast  enters 
into  the  procedure  only  insofar  as  it  increases  the  color  difference 
and  makes  the  index  point  of  the  balance :  equality  of  bright- 
ness, more  difficult  to  detect. 

Dr.  Shackelford  states  that  in  Fig.  5  "the  rise  for  white  is  at 
the  extreme  of  all  of  the  colors"  and  asks  for  a  physiological 
explanation.  We  would  point  out  in  reply  that  the  phenomenon 
noted  by  Dr.  Shackelford,  namely  a  faster  rate  of  rise  for  white 
than  the  colors,  occurred  only  for  the  upper  part  of  the  segment 
of  the  curve  shown  in  Fig.  5;  and  that  it  does  not  occur  for  any 
of  the  other  intensities  the  results  of  which  are  charted  in  the 
paper.  We  would  point  out  also  that  25  m.  c,  the  intensity 
represented  in  Fig.  5,  was  the  only  intensity  at  which  all  of  the 
colors  were  underestimated  by  the  method  of  flicker  as  com- 
pared with  the  equality  of  brightness  method.  That  phenomenon 
is  just  as  peculiar  as  the  one  for  which  Dr.  Shackelford  asks  an 
explanation.  The  factual  explanation  for  it,  and  at  present  we 
can  go  no  farther  than  this,  is  found  in  the  phenomenon  noted  by 
him,  namely,  that  for  the  length  of  exposure  occurring  in  the 
use  of  the  flicker  method  white  is  allowed  to  rise  to  a  higher 
level  than  any  of  the  colors.  An  inspection  of  the  curves  for 
the  relative  rates  of  rise  at  25  m.  c.  shows  that  from  the  threshold 
uj)  to  0.009  ^^^-  white  rises  more  slowly  than  red,  green  and 
blue  and  faster  than  yellow ;  from  0.009  to  0.0185  sec.  it  rises 
faster  than  green,  blue  and  yellow  and  more  slowly  than  red  ; 
and  from  this  f)oint  up  to  0.04  sec.  it  rises  faster  than  any  of  the 
colors.  We  have  no  explanation  to  offer  for  the  variations  in 
the  relative  rates  of  rise  for  the  different  lights  at  this  intensity 
or  for  any  of  tlu-  oiIrt  intensities  represented  in  the  paper.  The 
problem  of  explaining  differential  lag  and  its  j)eculiarities  is  a 
subject  for  further  in(|uiry  and  investigation.  It  does  not  come 
within   the   .scope   of   tlie   prtstnt    paper.      The    relative    rates   of 


204  TRANSACTIONS  I.  E.  S.,  FEBRUARY,  I923 

rise  are  accepted  by  us  as  facts  and  the  facts  are  compared  with 
the  disagreement  of  the  two  types  of  photometric  rating.  The 
significant  thing  in  this  regard  is  that  at  the  intensity  25  m.  c. 
for  the  length  of  exposure  used  in  the  method  of  flicker  (ca. 
0.021  sec.)  white  has  risen  to  a  higher  level  than  any  of  the 
colors  and  at  this  intensity  all  of  the  colors  are  underestimated 
as  compared  with  white  by  the  flicker  method. 

In  reply  to  Mr.  Crittenden's  first  question  as  to  the  number  of 
observers  used  in  the  various  parts  of  the  work,  we  would  state 
that  one  experienced  observer  was  selected  for  the  comparison 
of  the  amount  and  type  of  disagreement  of  the  flicker  and  equality 
of  brightness  ratings  with  the  difference  in  level  to  which  the 
sensations  are  allowed  to  rise  with  the  length  of  exposure  used 
in  the  method  of  flicker.  The  comparison  of  these  two  sets  of 
data  obviously  had  to  be  made  for  the  same  observer  if  it  were 
to  have  any  direct  bearing  on  the  question  whether  the  difference 
in  lag  for  the  sensations  aroused  by  the  two  lights  is  the  cause 
of  the  disagreement  in  the  two  types  of  photometric  rating. 
Nothing  could  have  been  accomplished  towards  this  end,  for 
example,  by  attempting  to  compare  the  rise  of  sensation  curves 
for  one  observer  with  an  average  of  the  photometric  results  of 
a  group  of  observers.  If  a  group  of  observers  were  to  be  used, 
the  comparison  between  the  rise  of  sensation  and  the  photometric 
results  would  have  to  be  made  separately  for  each  observer  of 
the  group  if  the  results  ire  to  have  any  bearing  whatever  on  the 
point  in  question.  We  would  have  been  glad  to  have  made  such 
a  study  on  a  number  of  observers  if  the  amount  of  work  involved 
had  not  been  prohibitive.  It  would  seem  to  us  that  Mr.  Critten- 
den's question  implies  a  confusion  between  the  analytical  and  ex- 
planatory type  of  problem  which  we  were  attacking  and  such 
problems  as  the  determination  of  a  result  for  the  average  eye, 
etc.  For  the  other  parts  of  the  work  it  was  possible  to  use  a 
plurality  of  observers.  Up  to  the  present  time  the  results  ob- 
tained for  the  effect  of  intensity  have  been  verified  as  to  their 
general  features  on  six  observers ;  for  change  of  speed  on  20  ob- 
servers ;  and  for  the  agreement  of  the  flicker  and  equality  of 
brightness  ratings  when  the  same  length  of  exposure  is  used  in 
both,  on  two  observers. 
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Mr.  Crittenden's  second  question  pertains  to  safeguards  in  de- 
termining the  rise  of  sensation  curves.  The  determinations  for 
only  a  small  part  of  the  curve  could  be  made  at  a  single  sitting. 
How  then  could  one  put  together  in  a  single  curve  determinations 
made  on  different  days  and  say  that  the  differences  found  were 
due  to  changes  in  the  length  of  exposure  and  not  to  some  varia- 
tions in  the  condition  or  sensitivity  of  the  eye  ?  Our  reply  is  that 
in  cases  of  this  kind  where  a  number  of  results  taken  at  different 
times  have  to  be  compared  with  reference  to  the  effect  of  a  given 
variable,  the  same  type  of  precaution  has  to  be  applied  to  the 
use  of  the  eye  as  is  exercised  when  a  sensitivity  tester  is  used  in 
connection  with  a  galvanometer  or  other  physical  instrument 
whose  sensitivity  is  liable  to  vary  from  time  to  time.  That  is, 
on  resuming  the  work  at  any  particular  sitting,  it  had  first  to  be 
determined  whether  the  curve  made  at  the  preceding  sitting  could 
be  picked  up  or  duplicated  for  a  few  points  back.  When  this 
could  be  done  we  felt  justified  in  assuming  that  the  eye  had  not 
changed  its  characteristics  of  response  with  reference  to  the 
function  investigated,  and  the  work  was  allowed  to  continue  on 
that  day.  When  the  curve  could  not  be  picked  up,  determinations 
were  not  made  on  that  day.  In  no  other  way  than  this  could 
curves  of  the  regularity  of  those  given  in  our  paper  have  been 
obtained.  Furthermore,  each  value  that  went  into  the  curve  as 
the  increment  of  time  required  to  produce  a  just  noticeable  change 
in  sensation,  was  carefully  checked  up  at  each  sitting  by  a  num- 
ber of  repetitions.  Done  in  this  way,  not  more  than  five  or  six 
points  of  the  curve  were  determined  in  a  single  day.  Few  pieces 
of  work  in  physiological  oi)tics  require  more  care  than  this  work 
has  required  and  few  have  received,  or  will  receive,  more  care 
than  it  has  received.  In  direct  answer  to  Mr.  Crittenden's  ques- 
tion then  we  would  say  that  we  do  consider  these  cur\cs  through- 
out definitely  established  for  the  ol)scr\er  in  (luestion.  However, 
as  we  ha\e  staled  in  iIk'  paper,  another  obser\er  or  s^rouj)  of  ob- 
servers i)icke(l  at  random  may  be  found  who  show  a  difierent  t\  i>e 
of  result.  I'm  ill  case  a  (iilVeri'iit  t>|»e  of  ()l)ser\er  were  found 
no  conclusion  could  In-  drawn  peiliiunt  lo  the  pr()l)leni  in  hand 
until  his  curves  for  the  ri>c  ot'  si-nsation  were  compared  with  his 
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photometric  results  by  the  two  methods.  Curves  very  similar  to 
ours  in  general  characteristics  were  determined  by  M.  A.  Bill's-" 
in  the  Bryn  Mawr  laboratory  in  1917  for  lights  of  a  lower  range 
of  intensities. 

We  interpret  Mr.  Crittenden's  third  comment,  which  has  been 
somewhat  difficult  for  us  to  understand,  as  follows :  The  rise  of 
sensation  curves  show  the  relative  levels  attained  by  the  two 
sensations  only  during  the  first  exposure  given  by  the  flicker 
disc.  Can  it  be  assumed  that  these  relations  of  level  persist  after 
the  second,  third,  etc.,  exposure  ?  In  short,  are  the  relative  levels 
to  which  the  two  sensations  rise  in  the  single  exposure  modified 
by  the  succession  of  exposure  occurring  in  the  use  of  the  flicker 
method  ?  It  was  just  to  answer  this  question  that  we  planned  our 
last  experiment, — a  comparison  of  the  results  of  the  flicker  with 
the  equality  of  brightness  method  when  using  for  the  equality 
of  brightness  method  a  single  exposure  of  the  length  of  the  in- 
dividual exposures  occurring  in  the  method  of  flicker.  This,  it 
seems  to  us,  should  give  the  answer  direct  to  that  question.  That 
is,  one  of  the  terms  compared  was  the  photometric  balance  ob- 
tained by  a  succession  of  exposures;  the  other,  that  obtained  by 
a  single  exposure  of  the  length  of  the  individual  exposure  occur- 
ring in  flicker,  as  per  conditions  of  the  question.  If  agreement 
were  obtained  it  seems  fair  to  assume  that  the  relation  of  levels 
attained  by  the  two  sensations  in  a  single  exposure  could  not  have 
been  materially  altered 'from  any  cause  whatsoever  in  the  suc- 
cession of  exposures.  This  does  not  mean,  of  course,  that 
neither  sensation  has  risen  to  a  higher  level  in  the  succession  of  ex- 
posures than  it  attained  in  the  single  exposure.  It  means  only 
that  in  rising,  the  relation  of  level  has  not  changed  by  a  detect- 
able amount, — in  other  words,  that  the  sensation  which  lags  the 
more  in  a  single  exposure  has  not  gained  on  the  other  sensation 
in  the  succession  of  exposures.  Why  should  it?  If  an  observer 
should  be  found  for  whom  consistently  no  disagreement  occurs 
in  the  two  ratings, — and  we  have  never  heard  that  an  observer 
exists  for  whom  this  is  true  over  any  considerable  range  of  wave- 
lengths at  any  intensity  of  light  for  lights  of  any  considerable  dif- 

2?  "Tlie  I^ag  of  visual   Sensation  in   its  Relation   to    Wave-length    and    Intensity    of 
L,ight,"  Pyschological  Monographs,  XXVIII,  loi  pp. 
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ference  in  wave-length, — there  are  of  course  two  possibiUties  of 
explanation : — either  that  there  is  no  differential  lag  in  sensation 
for  the  lights  of  different  wave-length  for  this  observer  or  there 
is  a  compensating,  differentially  modifying  or  summating  effect 
on  the  rates  of  rise  in  the  succession  of  exposures.  Of  these 
two  possibilities  our  results  indicate  that  the  former  is  by  far  the 
more  probable.  That  is,  at  the  intensities  at  which  agreement 
occurred  separately  for  each  of  the  pairs  of  lights  used,  the  sensa- 
tions had  risen  in  the  single  exposure,  so  far  as  could  be  told,  to 
the  same  level. 

In  brief,  the  comparison  of  the  difference  in  level  to  which  the 
two  sensations  are  allowed  to  rise  with  the  type  and  amount  of 
disagreement  of  the  photometric  ratings  for  the  same  observer, 
state  of  adaptation  of  the  eye,  etc.,  for  the  different  intensities  of 
light  employed,  furnishes  strong  circumstantial  evidence  in  sup- 
port of  our  theory  that  differential  lag  for  wave-length  and  in- 
tensity is  the  cause  of  the  disagreement  in  the  photometric  rat- 
ings. The  argument  is  supplemented  and  completed  by  the  con- 
cordant evidence  given  by  the  effect  of  change  in  the  relative 
lengths  of  exposure  given  to  the  two  lights  on  the  type  and 
amount  of  the  disagreement;  by  the  effect  of  change  of  speed  of 
rotation  of  the  flicker  disc;  and  particularly  by  the  fact  that 
agreement  was  found  when  the  same  lengths  of  exposure  were 
used  in  the  two  methods. 


SPECIFICATIONS  GOVERNING  THE  ACCEPTABILITY 

OF   ELECTRIC   TAIL   LAMPS    FOR 

MOTOR  VEHICLES* 


COMMITTEE    ON     INIOTOR    VEHICLE    LIGHTING 
ILLUMINATING  ENGINEERING  SOCIETY 


Adopted    December    29,     1922. 

INTRODUCTION 

These  specifications  are  drawn  up  to  apply  only  to  the  Illumi- 
nation by  electric  lamps,  of  opaque  registration  number  plates  for 
use  on  automobiles,  trucks  tractors  and  motorcycles. 

DEFINITION 

Tail  Lamp. — A  lighting  unit  used  to  indicate  the  rear  end  of  a 
vehicle  by  means  of  a  ruby  light  and  illuminate  the  registration 
number  plate. 

Wherever  reference  is  made  in  these  vSpecifications  to  the  regis- 
tration number  plate  it  designates  a  rectangle  i6  inches  long 
and  6y2  inches  wide  (the  top  on  level  with  center  of  bolt  hole 
slot)  designed  to  contain  the  registration  numbers.  This  plane 
is  one-sixteenth-inch  in  front  of  the  plane  of  front  face  of  the 
plate  holder. 

General  Construction. 

The  opening  in  the  lamp  through  which  the  light  passes  to  the 
registration  number  plate  shall  be  covered  with  colorless  glass  and 
shall  be  sufficiently  large  so  that  the  light  will  cover  the  entire 
surface  of  the  plate. 

•These  Specifications  were  unanimously  adopted  at  a  joint  meeting  of  the 
I.  E.  S.  Committee  on  Motor  Vehicle  Lighting  with  the  Lighting  Division  of  the 
Standards  Committee  of  the  Society  of  Automotive  Engineers  on  December  29,  1922, 
and  were  approved  by  the  I.  E.  S.   Council  on  January   18,    1923. 
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The  lamp  and  plate-holder  shall  bear  such  relation  to  each  other 
that  the  major  portion  of  the  light  incident  at  any  point  on  the 
registration  plate  shall  make  an  angle  of  not  less  than  eight 
degrees  with  the  plane  of  the  plate. 

The  lamp  shall  be  weather  and  dust  proof  and  so  constructed 
as  to  withstand  the  shock  and  vibration  to  which  it  is  ordinarily 
subjected  in  use. 

LABORATORY  TEST 

Samples  for  Test. 

The  samples  submitted  shall  be  representative  of  the  lamp  as 
manufactured  and  as  marketed,  and  shall  include  the  bracket 
to  which  the  registration  number  plate  is  to  be  attached. 

Marks  of  Identification. 

Each  lamp  submitted  must  bear  a  distinctive  designation  prom- 
inently and  permanently  indicating  the  name  or  type  of  the  lamp. 

If  the  registration  number  plate  holder  is  detachable  from  the 
lamp  it  shall  bear  the  same  distinctive  name  or  make  as  the  lamp. 

Incandescent  Lamps. 

Incandescent  lamps  used  in  connection  with  the  laboratory  test 
shall  be  of  2  candlepower,  6-8  volt  rating,  of  standard  manu- 
facture for  automotive  service.  They  shall  be  operated  at  2 
mean  spherical  candlepower  during  the  test.  In  the  case  of  tail 
lamps  involving  the  use  of  special  incandescent  lamj)s.  such  in- 
candescent lamps  shall  be  submitted  together  with  any  necessary 
accessories.  ' 

Illumination  Test. 

The  lamp  and  registration  number  plate  holder  which  is  in- 
cluded with  the  sample  submitted  shall  be  tested,  using  an  incan- 
descent lamp  as  provided  above.  The  .'ipj)areiU  illumination  as 
measured  on  white  blotting  paper  shall  not  be  less  ihan  0.5  foot- 
candle  at  any  |)oint  on  the  registration  luunber  i)late.^  The  ratio 
of  maximum  to  mininuim  illumination  shall  not  exceed  30. 

'  Sliuc  thcsr  spfcjlk-atiouvi  wrrr  mloplcd.  it  1ms  lucn  puiiitnl  ..ut  tluil  MottinR  pj<i«r 
in  Mubject  to  VHrfiitioiis,  therefore  this  sriitriu'f  will  probably  be  rh/uiKr»l  to  trail  'Thr 
illumination  sh  til  not  be  less  than  <>  ^  fuotcandlc  at  anv  point  on  th*"  rr|{is(rat  ion 
number   plate. 
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Requirements  for  Acceptance. 

No  lamp  shall  be  considered  acceptable  unless  it  conforms 
with  the  requirements  for  measured  illumination  and  unless  the 
ruby  light  is  visible  for  a  distance  of  at  least  500  feet. 

No  lamp  shall  be  considered  acceptable  which  is  found  un- 
satisfactory for  any  of  the  following  reasons :  Unstable  or  bad 
mechanical  construction.  Unduly  dark  or  bright  areas  or  ex- 
cessive contrast  in  the  illumination  on  the  registration  number 
plate.  Cut-off  of  illumination  within  13/2  inches  of  the  plate 
measured  perpendicular  to  the  plane  of  the  plate  at  the  edge 
furtherest  from  the  lamp.    - 


ABSTRACTnS 

In  this  section  of  the  Transactions  there  will  be  used  (i)  abstracts 
of  papers  of  general  interest  pertaining  to  the  field  of  illumination  zp- 
pearing  in  technical  journals,  (2) abstracts  of  papers  presented  before 
the  Illuminatnig  Engineering  Society,  and  (3)  notes  on  research  prob- 
lems now  in  progress. 


THEORY,  CONvSTRUCTION,  AND  USE  OF  THE  PHOTO- 
METRIC INTEGRATING   SPHERE* 


BV    E.    B-   ROSA    AND    A.    H.    TAYLOR 


During  the  last  fifteen  years  great  progress  has  been  made 
in  the  production  and  utilization  of  Hght.  With  this  progress 
has  come  the  necessity  for  greater  precision  in  the  measurement 
of  Hght  output,  and  the  Ulbricht  photometric  integrating  sphere 
has  been  extensively  utilized  for  this  purpose.  It  is  the  only 
available  instrument  by  which  the  total  light  output  of  sources 
can  be  determined  in  one  measurement.  There  is  no  complete 
treatment  of  the  theory,  construction,  and  use  of  the  sphere, 
available  in  English.  This  paper  has  been  written  to  meet  that 
need,  and  should  be  of  interest  to  all  who  are  concerned  with 
photometry. 

The  majority  of  the  spheres  in  use  to-day  are  built  of  shaped 
sheet  metal  segments  fastened  to  structural  steel.  Such  spheres 
can  be  made  of  fairly  light  but  substantial  construction,  but  they 
are  expensive  to  build.  In  the  smaller  sizes  a  cheaper  construc- 
tion may  be  realized  by  the  use  of  papier-mache  globes  such  as 
are  used  in  schools. 

In  191 5,  the  authors  designed  and  constructed  an  88-inch  re- 
inforced concrete  sphere  at  the  Bureau  of  Standards.  Steel 
T-rails  were  shaj)e(l  into  circular  arcs  and  fastened  to  niotal  rings 
at  each  end,  thus  forming  ribs  of  a  spherical  franuworl^.  These 
ribs  were  fastened  together  with  nutal  bars  and  ex])an(lo(l  metal 
lath,  and  the  whole  was  plastered  witli  concrete  in  the  j)roportion 

*  Sctenttfic  f*iiprt\.  No.  447.,   U.  S.  Hun  mi  uf  Stniidiii  «ls,  Wiisliiiigt' .11 .  P.  C. 
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of  one  part  Portland  cement  to  two  and  one-half  parts  sand. 
The  interior  was  swept  out  to  a  true  spherical  shape  by  means 
of  a  special  sweep  hinged  at  the  centre  of  a  pipe  placed  on  the 
vertical  diameter  of  the  sphere.  Later  both  interior  and  exterior 
surfaces  were  finished  with  white  cement,  giving  a  wall  about 
one  to  one  and  one-half  inches  thick.  A  concrete  sphere  such  as 
this,  especially  in  the  larger  sizes,  can  probably  be  constructed 
more  economically  than  a  metal  sphere  of  the  same  size. 

This  sphere  has  been  thoroughly  tested  and  found  to  give 
accurate  results  for  many  types  of  light  sources.  The  sources 
tested  included  vacuum  lamps  both  bare  and  with  several  types 
of  glass  reflectors  and  globes  and  a  metal  reflector.  In  all  cases 
the  agreement  of  the  results  with  those  obtained  by  point-by-point 
integration  was  practically  within  the  range  of  ordinary  errors  of 
photometric  measurements.  Considerable  care  is  necessary  in  the 
use  of  the  sphere  for  measuring  light  sources  which  differ  appre- 
ciably in  their  absorption  of  light,  and  in  order  to  obtain  reliable 
results  on  such  sources  proper  corrections  must  be  determined 
and  applied. 

The  requirements  for  a  satisfactory  paint  for  photometric 
spheres  are  rather  severe,  and  since  no  commercial  paints  ful- 
filling these  requirements  could  be  found,  it  was  necessary  to  de- 
velop one.  A  good  paint  for  this  purpose  is  composed  of  alco- 
hol, camphor,  celluloid,  and  zinc  oxide.  It  has  a  very  high  re- 
flection factor,  and  does  not  discolor  with  age.  The  photometric 
equipment  consists  of  a  bar  photometer,  Lummer-Brodhun  con- 
trast photometric  head,  sectored  disks,  recording  drum,  and  mag- 
net, etc.     The  "substitution"  method  of  photometry  is  used. 

The  theory  of  the  sphere  has  been  investigated,  and  tests  have 
been  made  to  verify  certain  phases  of  it,  with  satisfactory  results. 
The  best  size  and  position  of  the  opaque  screen  have  been  theo- 
retically determined.  It  is  found  that  as  the  lamp  approaches  the 
sphere  wall  at  a  point  screen  from  the  observation  window,  the 
brightness  of  the  latter  is  reduced.  This  is  due  to  the  fact  that 
as  the  lamp  approaches  the  wall  more  of  the  direct  light  flux  falls 
on  the  zone  screened  from  the  observation  window,  and  hence  it 


ABSTRACTS  213 

must  be  reflected  from  the  sphere  wall  at  least  twice  before  it  can 
reach  the  window. 

One  source  of  error  in  the  use  of  such  spheres  is  often  over- 
looked. If  the  lamp  being  tested  is  somewhat  blackened,  or  has 
parts  which  absorbed  a  considerable  portion  of  light,  the  amount 
of  light  which  it  absorbs  in  the  sphere  will  increase  as  it  ap- 
proaches the  sphere  wall.  The  amount  of  light  absorbed  by  the 
lamp  is  also  greater  when  the  reflection  factor  of  the  sphere 
walls  is  high.  These  facts  are  of  great  importance  if  life-test 
lamps,  appreciably  blackened,  are  being  photometered.  It  can  be 
shown  theoretically  that  a  sphere  to  be  used  for  life-test  measure- 
ments of  incandescent  lamps  should  be  painted  with  a  paint  hav- 
ing a  reflection  factor  of  about  80  to  85  per  cent  in  order  to 
minimize  the  errors  of  measurement. 

The  theory  of  the  sphere  assumes  that  its  surface  is  a  perfect 
diffuser,  that  is,  that  the  specific  brightness  of  any  area  is  inde- 
pendent of  the  angle  of  view.  Measurements  of  the  diffusion 
characteristics  of  the  sphere  paint  and  the  milk-glass  observation 
window  have  been  made.  These  show  that  the  error  arising  from 
the  measurement  of  a  narrow  beam  of  light  in  terms  of  a  per- 
fectly diffused  light,  or  of  light  uniformly  distributed  in  the 
sphere,  is  practically  zero  when  the  beam  is  directed  at  the  sphere 
wall  at  a  point  about  80°  on  the  circumference  from  the  window. 

The  original  paper  also  contains  a  bibliography  of  the  subject. 

AUTOMOP>ILE  TAIL-LIGHTS 


BY    M.    LUCKlESIl* 


It  seems  to  me  ihat  the  matter  of  tail-lights  for  automobiles 
should  be  given  serious  consideration  as  to  color,  brightness,  and 
provision  for  illuminating  the  rear  license  number.  I  see  no 
reason  for  a  colored  tail  light  at  all  and  I  am  in  fa\-or  of  a 
dense  diffusing  glass  for  the  tail  light  with  adt-cinate  pro\ision 
for  lighting  the  license  number. 

•Director   of   Appliid    ScicMicc,    Ntla    Research    I.al)oi  atorics,    Nila    I'ark,    Cleveland, 
Ohio. 
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As  we  look  down  any  of  our  city  streets  at  night  we  are  likely 
to  see  many  colored  lights  which  cause  confusion  and  decrease  the 
effectiveness  of  the  colored  lights  which  are  actually  necessary. 
Anything  that  can  be  done  to  lessen  the  number  of  colored  lights 
encountered  by  the  autoist,  and  particularly  to  retain  red  as  a 
real  danger  signal,  appears  to  me  to  be  a  great  step  in  the  right 
direction.  The  rear  end  of  an  automobile  is  not  the  dangerous 
end  and  therefore  the  use  of  a  red  tail-light  is  almost  ridiculous. 
However,  there  are  many  danger  points  along  our  highways  and 
especially  along  city  streets  where  a  red  light  must  be  used. 

Some  might  favor  the  use  of  another  color  such  as  canary  if  the 
red  tail-light  is  eliminated.  However  I  see  no  reason  at  all  for 
a  colored  tail-light.  Red  has  the  practical  advantage  of  being 
very  easily  produced  in  glass  and  owing  to  certain  characteristics 
of  color  vision  the  various  red  glasses  that  we  encounter  appear 
approximately  the  same  in  hue.  This  is  not  so  generally  the 
case  with  any  other  color,  and  therefore  if  we  would  adopt  yellow 
or  green  for  example  for  the  tail-light  we  would  encounter  many 
variations  of  these.  I  can  see  no  reason  for  a  colored  tail-light, 
and  many  reasons  for  using  an  ordinary  white  light. 


DEVELOPiMENT,  PRESENT  STATUS  AND  PROBLEMS 
OF  ELECTRICAL  ILLUMINANTS 


BY    H.    LUX 


The  author  outlines  the  historic  development  of  arc  and  incan-- 
descent  lamps.  It  is  shown  that  it  is  economically  wrong  to  try 
to  increase  the  amount  of  light  from  a  filament  by  an  increase 
of  its  temperature,  because  a  visual  efficiency  of  only  14.5  per 
cent  can  be  reached  theoretically.  With  .increasing  temperature 
the  maximum  of  radiation  is  gradually  shifted  from  the  long- 
wave end  of  the  spectrum  into  the  short-wave  end.  At  3,600 
deg.  the  radiation  enters  into  the  just  visible  red  end  at  800  my. 
and  leaves  the  visible  end  at  7,200  deg.  at  the  violet  end,  at  400 
nipL.  The  highest  visible  efficiency  is  reached  at  5,200  deg.  at  a 
wave-length  of  556  nifi.     If  we  should  succeed  in  developing  a 
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radiator  emitting  only  visible  rays,  the  highest  possible  light 
energy  would  be  reached  at  4,250  deg.  with  248  lumens  per  watt. 
A  light  source  with  100  per  cent  efficiency  could  be  obtained 
from  a  radiator  giving  off  rays  near  the  556  w/x  maximum.  Such 
a  light  would  give  the  highest  possible  output — about  650  lumens 
for  each  watt  input.  But  we  are  far  from  having  reached  the 
ideal  light  emission  of  247.5  himens  per  watt.  The  flaming  arc 
gives  40  lumens  per  watt,  and  the  mercury  vapor  lamp  in  a  quartz 
tube  54  lumens  per  watt,  but  their  light  is  quite  disagreeable. 
Another  matter  of  great  importance  is  the  light  density.  It  rises 
enormously  with  the  temperature.  With  a  black  body  radiating 
at  6,500  deg.  a  density  of  73,000  cp.  to  150,000  cp.  per  square 
centimeter  is  obtained  for  a  bright  body  or  other  selective  radia- 
tor. Such  a  terrific  density  would  cause  instant  blinding.  A 
flaming  arc  gives  a  density  up  to  1,000  cp.  per  square  centimeter, 
which  is  so  high  that  artificial  means  have  to  be  employed  to 
lessen  the  glare.  New  and  more  promising  ways  of  obtaining 
the  ideal  source  of  light  are  shown  by  the  modern  electronic  theo- 
ries. If  electrons  are  emitted  from  a  hot  cathode  and  allowed  to 
hit  the  atoms  of  a  vapor  or  gas  at  low  pressure,  they  will  be 
reflected  until  the  reflection  potential  is  reached,  when  the  entire 
energy  of  the  impulse  is  absorbed  and  the  radiation  of  a  spectral 
line  is  generated  without  ionization.  If  now  the  pressure  is  in- 
creased to  the  ionization  value,  all  electrons  will  be  driven  out  of 
the  atom  and  will  unite  to  form  a  new  atom,  forming  a  complete 
spectrum.  Assuming,  for  example,  a  tungsten  cathode  heated  to 
2,800  deg.,  an  electron  stream  of  8.4  ani]).  per  square  centimeter 
is  available,  producing  in  the  ideal  gas  a  light  at  2.2  volts,  result- 
ing in  12,300  lumens.  To  heat  the  cathode  126  watts  will  be 
required,  resulting  in  2,300  lumens,  which  would  give  a  total  of 
12.300  4-  2.300  -i-  (18.5  -|-  126),  or  101  lumens  per  watt.— 
FJrhtrotccluiischc  Zcitschrift,  Nov.  23  and  Dec.  7,  ig22. 
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SECTION  ACTIVITIES 


CHICAGO  Meeting— January  9,  1923 

A  joint  meeting  of  the  Chicago  Section  and  the  Illinois  Chapter  of 
the  American  Institute  of  Architects  was  held  on  January  9,  at  the  Chi- 
cago Art  Institute.  Mr.  A.  F.  Dickerson  of  the  Illuminating  Engineering 
Laboratory  of  the  G.  E.  Co.,  Schenectady,  presented  a  paper,  "Exterior 
Building  Illumination  and  Spectacular  Lighting  Effects."  Some  eighty- 
five  members  and  guests  were  present  and  an  interesting  discussion  was 
held. 

PHILADELPHIA  Meeting— January  9,  1923 

The  Philadelphia  Section  met  at  the  Engineers'  Club  on  January  9, 
to  hear  a  paper,  "Central  Station  Activities  in  Illuminating  Engineer- 
ing," presented  by  Mr.  W.  T.  Blackwell  of  the  Public  Service  Electric 
Light  Co.,  Newark,  N.  J. 

Mr.  Blackwell  stated  that  only  nine  utility  companies  had  special  de- 
partments for  disseminating  lighting  information  for  the  benefit  of  their 
customers.  By  means  of  lantern  slides  he  showed  the  extent  to  which 
poor  illumination  existed  and  the  possibilities  for  its  improvement.  It 
was  mentioned  that  80  per  cent  of  industrial  installations  were  inadequate. 
The  speaker  also  showed  diagramatically  the  sources  from  which  Central 
Station  customers  obtain  information  relative  to  illumination  and  where 
they  obtain  their  lamps  and  supplies.  The  responsibility  for  poor  illu- 
mination was  partly  laid  to'  the  electrical  contractors. 

The  discussion  brought  out  the  point  that  electrical  contractors  could 
not  seek  to  improve  poor  existing  illumination  on  account  of  the  labor 
and  time  involved  in  missionary  work  and  the  small  financial  returns.  This 
is  especially  true  when  with  much  smaller  efforts  they  can  obtain  more 
lucrative  contracts  for  new  lighting  and  power  installations.  Thirty-five 
members  and  guests  were  present  at  the  meeting. 

NEW  YORK  Meeting— January   11,   1923 

A  very  interesting  meeting  was  held  by  the  New  York  Section  on 
the  evening  of  January  11,  at  the  auditorium  of  the  Railroad  Branch, 
Y.  M.  C.  A.,  309  Park  Avenue.  The  general  topic  of  interest  was  Theatre 
Lighting,  and  two  extremely  interesting  papers  were  presented.  "Artistic 
Color  Lighting  in  Motion  Pictures  Theatres"  was  described  in  an  orig- 
inal manner  by  Mr.  Sam  Rothafel,  Managering  Director  of  the  Capitol 
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Theatre  and  a  paper,  "Lighting  Effects  on  the  Stage,"  was  read  by  Mr. 
Louis  Hartmann,  Lighting  Engineer  for  the  David  Belasco  Productions. 

In  discussing  the  papers,  Mr.  W.  H.  Hall  of  the  New  York  Calcium 
Light  Co.,  gave  some  reminescences  of  the  days  prior  to  the  use  of  the  car- 
bon arc  and  the  incandescent  lamp  when  the  calcium  lights  played  an  im- 
portant part  in  stage  lighting. 

There  were  in  attendance  some  two  hundred  and  twenty-five  members 
and  guests. 

Section  Plans — The  plans  for  subsequent  meetings  of  the  year  for 
the  New  York  Section  are  quite  definite,  although  not  entirely  arranged. 

In  February,  it  is  expected  that  a  meeting  will  be  held  at  the  new 
American  Art  Association  Galleries,  Madison  Ave.  and  57th  St.,  with  a 
paper  by  Mr.  Champeau  on  "The  Lighting  of  Art  Galleries."  The  speaker 
planned  and  installed  the  novel  and  effective  installation  used  in  these 
galleries  and  the  meeting  will  give  the  members  an  opportunity  to  observe 
the  results.  Dr.  C.  H.  Sharp  has  just  returned  from  a  trip  abroad  and  will 
probably  address  the  Section,  giving  comments  on  his  observations  of 
foreign  lighting  practice. 

In  March,  the  general  question  of  hospital  lighting  will  be  discussed. 
Considerable  investigation  work  has  been  done  on  the  effect  of  various 
colors  of  room  finish  on  the  sensibilities  of  the  patients.  It  is  hoped  that 
a  paper  will  be  available  by  the  physician  who  conducted  this  research. 
Artificial  daylight  is  now  being  successfully  applied  for  the  illumination 
of  the  operating  table.  The  methods  used  and  results  secured  will  be 
demonstrated.  It  is  possible  that  a  third  talk  will  be  given  on  the  other 
phases  of  hospital  illumination. 

In  April,  the  general  subject  of  office  building  and  school  illumina- 
tion is  scheduled.  The  results  of  some  very  comprehensive  tests  on  the 
choice   of   equipment   and   maintenance   characteristics   will   be   presented. 

For  May,  it  is  planned  to  hold  the  meeting  in  Patcrson,  N.  J.,  the 
silk  manufacturing  center  of  the  country.  The  membership  will  have  an 
opportunity  of  inspecting  actual  installations  of  mercury-vapor  and  in- 
candescent lamps  in  some  of  the  silk  mills  and  papers  will  be  given  on 
the  methods  of  illumination. 

It  can  be  seen  from  the  above,  that  the  applied  engineering  phase 
of  the  Society's  activities  is  stressed  and  the  meetings  arc  arrangcil  to 
be  especially  interesting  to  the  "men  in  the  field"  and  be  of  real  practical 
value. 

CLEVELAND    Meeting 

The  first  meeting  of  the  year  for  tlio  Cleveland  Chai)tcr  was  luKl  on 
January  23,  at  the  I'Uectrical  League  Rooms  in  the  Hotel  Statler  The 
subject  of  "lUttrr  Ligliting  iMxtures"  was  presented  by  Mr.  M  l.uckiesh 
of  the  National  Lamp  Works. 
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COUNCIL  NOTES 


ITEMS   OF   INTEREST 


At  the  meeting  of  the  Council,  Cleveland  O.,  January   18,   1923,  the 
following  were  elected  to  membership  : 

Six  Members 

Anderson,  J.  F.,  Southern  California  Edison  Co.,  3rd  &  Broadway,  Los 
Angeles,  Cal. 

DoNWY,  H.  B.,  Jno,  W.  Brown  Mfg.  Co.,  Marion  Road,  South  Columbus, 
Ohio. 

GiLi-iAM,  H.  R.,  Lancaster  Lens  Co.,  Lancaster,  Ohio. 

HiGGiNS,  A.  W.,  So  Minn.  Gas  &  Electric  Co.,  no  S.  Dearborn  St.,  Chi- 
cago, 111. 

Ives,  James  E.,  Dr.,  U.  S.  Public  Health  Service,  16  7th  St.,  Washington, 
D.  C. 

Puivi^EN,  M.  W.,  Johns  Hopkins  University,  Baltimore,  Md. 

Thirty-Six  Associate  Members 

Andrews,  Edgar  M.,  15  North  12th  St.,  Richmond,  Va. 

Bowers,  Corwin  J.,  Columbus  Ry.  Power  &  Light  Co.,   102  N.  3rd  St., 

Columbus,  Ohio. 
Brown,  Richard   B.,  Jr.,  Edison   Elec.   Illuminating  Co.   of   Boston,   39 

Boylston  St.,  Boston,  Mass. 
Cairnie,  H.  W.,  Western  Elec.  Co.,  385  Sumner  St.,  Boston,  Mass. 
Cai,ahan,  H.  C,  Tri-City  Electric  Co.,  14  Mechanic  St.,  Newark,  N.  J. 
Campbell,  James  P.,  Illuminating  Company,  75  Public  Square,  Cleveland, 

O. 
Counsellor,  W.  M.,  Columbus  Ry.  Power  &  Light  Co.,  102  N.  3rd  St., 

Columbus,  O. 
Crofoot,  Clarence  E-,  Utica  Free  Academy,   Kemble   St.,   Utica,   N.   Y. 
Downs,  W.  S.,  Public  Service  Elec.  Co.,  695  Bloomfield  Ave.,  Montclair, 

N.J. 
Evans,  Dean  P.,  Columbus  Ry.  Power  &  Light  Co.,  102  N.  3rd  St.,  Col- 
umbus, O. 
Ferris,  C.  H.,  Illuminating  Glassware  Guild,  19  W.  44th  St.,  New  York, 

N.  Y. 
Fret,  Fred  J.,  351  Lexington  Avenue,  New  York,  N.  Y. 
Fulton,  Robert  A.,  Cleveland  Elec.  Illuminating  Co.,  75  Public  Square, 

Cleveland  O. 
Johnston,  H.  L.,  Westinghouse  Elec.  &  Mfg.  Co.,  East  Pittsburgh,  Pa. 
Lent,  A.  L.,  Detroit  Edison  Co.,  2000  Second  Ave.,  Detroit,  Mich. 
Manter,  E.   W.,   Westinghouse  Elec.  &   Mfg.   Co.,   10  High   St.,   Boston, 

Mass. 
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McDoNOUGH,  Thomas  F.,  Benjamin  Elec.  Mfg.  Co.,  1225  L.  C.  Smith 
Bldg.,  Seattle,  Wash. 

McParlaxd,  John  J.,  Pittsburgh  Reflector  &  Illuminating  Co.;  1452 
Broadway,  New  York,  N.  Y. 

Nast,  Cyril,  New  York  Edison  Co.,  130  E.  15th  St.,  New  York,  N.  Y. 

NiEDER,  Edward  ].,  The  Illuminating  Co.,  Illuminating  Bldg.,  Public 
Square,   Cleveland,  O. 

Norton,  C.  A.,  Westinghouse  Lamp  Co.,  165  Broadway,  New  York,  N.  Y. 

O'RouRKE,  John  A.,  Columbus  Ry.  Power  &  Light  Co.,  102  N.  3rd  St., 
Columbus,  O. 

OuTLEY,  E.  J.,  Detroit  Edison  Co.,  2000  Second  Blvd.,  Detroit,   Mich. 

PiEZ,  Karl  Anton,  Columbus  Ry.  Power  &  Light  Co.,  102  N.  3rd  St.,  Col- 
umbus, O. 

Plaisted,  L.  H.,  Columbus  Ry.  Power  &  Light  Co.,  102  N.  3rd  St.,  Col- 
umbus, O. 

PoEY,  Charlks,  D.,  N.  Y.  &  Queens  Elec.  Light  &  Power  Co.,  Electric 
Bldg,  Bridge  Plaza,  Long  Island  City,  N.  Y. 

Prichett,  George  P.,  National  X-Ray  Reflector  Co.,  628  Witherspoon  Bldg., 
Philadelphia,   Pa. 

ScHEEL,  Alfred  A.,   Lee   Electric   Co.,   605    Davis   Ave.,    Corning,    Iowa. 

Shaw,  Harold,  Electrical  Extension  Bureau,  613  Lincoln  Bldg.,  Detroit, 
Mich. 

Stolpe,  Ernest  F.,  United  Gas  Improvement  Co.,  20  W.  Maplewood  St., 
Philadelphia,  Pa. 

Story,  Ernest  D.,  Westinghouse  Lamp  Co.,  165  Broadway,  New  York, 
N.  Y. 

Sulzer,  G.    .'\.,  Ophthalmologist,  327  E.  State  St.,  Columbus,  O. 

Teller,  J.  Paul,  Westinghouse  Elec.  &  Mfg.  Co.,  814  Ellicott  Square, 
Buffalo,  N.  Y. 

Thomson,  Geo.  L.  A.,  Public  Service  Electric  Co.,  102  River  St..  New- 
ark, N.  J. 

White,  .Albert  H.,  Public  Service  Elec.  Co.,  80  Park  Place.  Newark,  N.  J. 

Young,  Vm-.d  R.,  Sieck-Boyington  Elec.  C.  209  W.  Galena  St..  Frccport. 
111. 

Six  Sustaining  Members 

Boss  EliXTRICAI,  Suimi.V  Co,  II    reck  v^t..   Providciici',  R.   1. 

F.  A.  Boss,  Official  Representative 
Fall  River  Hi.kctric  Light  Co.,  85  N.  Main  St.,  Fall   River,   Mass. 

R.   I''.   Whitney,  Official   Representative. 
Greenfield  Elec.   Light  &  I'owkr  Q).,  41   Inderal  St.,  Greenfield.   Mass. 

H.    E.    Durcn,    Official    Representative. 
Lawrence  Gas  Co,  370  Es.mx   St..   Lawn-ncc.   Mass. 

Fred  H.  Sargent,  Official  Representative. 
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PiTTSFiELD  Electric  Co.,  Pittsfield,  Mass. 

E.  P.  Dittman,  Official  Representative. 
Slocum  &  KiLBURN,  23  N.  Water  Street,  New  Bedford,  Mass. 

A.  H.  Smith,  Official  Representative. 

Two  Transfers  to  Full  Membership 
Kelcey,  George  G.,  American  Gas  Accumulator  Co.,  999  Newark  Avenue, 

Elizabeth,  N.  J. 
Smith,  Elmer  A.,  Warren  &  Wetmore,  16  E.  47th  St.,  New  York,  N.  Y. 

One  Transfer  to  Associate  Membership 
Donahue,  E.  J.,  Public  Service  Gas  Co.,  St.  Pauls  &  Tames  Aves.,  Jersey 
City,  N.  J. 


The  General  Secretary  reported  the  death  of  two  associate  members, 

Wallace  P.  Hurley,  Westinghouse  Elec.  &  Mfg.  Co.,  165  Broadway, 
New  York,  N.  Y.  and  Frederick  W.  Prince,  Western  Electric  Co.,  195 
Broadway,  New  York,  N.  Y. 

CONFIRMATION  OF  APPOINTMENTS 

The  appointment  of  the  following  committee  chairman  and  members 
were  confirmed : 
As  Members  of  the  Committee  on  Time  and  Place — Samuel  G.   Hibben. 

Chairman;  L.  B.  Marks,  and  G.  S.  Crampton. 

NORTHERN  NEW  JERSEY  CHAPTER 

Upon  recommendation  of  the  Committee  to  investigate  the  petition 
for  the  Northern  New  Jersey  Chapter  the  Council  voted  to  establish  this 
Chapter.  The  center  of  the  organization  will  be  in  Newark  and  its  efforts 
will  be  confined  to  educational  work,  disseminating  information  of  an 
established  character.  The  plan  is  to  educate  the  lighting  trades  by  joint 
meetings  with  their  associations,  and  then  the  light-using  public  through 
joint  meetings  with  clubs,  boards  of  trade  and  other  organizations.  The 
attempt  will  be  made  to  interest  the  public  in  good  lighting  practice 
by  holding  a  series  of  meetings  in  Jersey  City,  Paterson,  and  other  neigh- 
boring localities. 

COLUMBUS  CHAPTER 

A  petition  to  form  a  Chapter  in  central  Ohio  was  presented  by  Mr. 
G.  F.  Evans,  of  Columbus,  and  was  referred  by  the  Council  to  the  Execu- 
tive Committee  for  action  by  letter  ballot. 

TAIL  LAMPS  SPECIFICATIONS  APPROVED 

The  Council  formally  approved  the  Specifications  governing  the  ac- 
ceptability of  Electric  Tail  Lamps  for  Motor  Vehicles.  These  Specifica- 
tions were  unanimously  adopted  at  a  joint  meeting  of  the  I.  E.   S.  Com- 
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mittee  with  the   Lighting  Division  of   the   Standards    Committee   of   the 
S.  A.  E.  on  December  29,  1922. 

The  Council  also  approved  that  the  desired  scope  of  the  joint  sponsor- 
ship with  the  S.  A.  E.  should  embrace  Motor  Vehicle  Lighting  and  not 
be  limited  solely  to  Headlighting. 

COMMITTEE  ACTIVITIES 


COMMITTEE   ON   PAPERS 

The  Committee  on  Papers  invites  communications  from  members 
wishing  to  offer  papers  for  presentation  at  the  1923  Convention  which 
will  probably  be  held  in  September.  It  will  be  appreciated  also  if  members 
will  advise  of  other  developments  in  the  science  or  art  of  illumination 
which  might  with  advantage  be  included  in  the  program. 

The  character  of  material  desired  for  the  convention  presentation  as 
set  forth  in  the  Society's  Manuel  is  as  follows : 
Material  Desired. 

1.  Material  not  closely  related  to  illuminating  engineering. 

2.  Collections  of  material  in  new  and  useful  forms. 

3.  Subjects  and  treatments  which  are  peculiarly  appropriate  for  pre- 
sentation before  the  Illuminating  Engineering  Society. 

Material  Xot  Desired. 

1.  Material  not  closely  related  to  illuminating  engineering. 

2.  Material  already  available  in  satisfactory  form. 

3.  Prolix  treatment. 

4.  Papers  or  discussions  having  the  manifest  purpose  of  advertise- 
ment. 

Communications  should  be  addressed  to  Mr.  J.  L.  Stair,  Chairman, 
Committee  on  Papers,  I.  E.  S.,  235  West  Jackson  Blvd.,  Chicago,  111. 

COMMITTEE  ON  MOTOR  VEHICLE  LIGHTING 

On  December  29,  1922,  the  Committee  met  with  the  Lighting  Division 
of  the  Standards  Committee  of  the  S.  A.  E.,  having  invited  state  officials, 
lantern  manufacturers,  and  others  interested. 

The  following  resolution,  prepared  by  the  sub-committee  on  Tail 
Lights,  was  unanimously  adopted ! 

"Whereas,  the  various  state  laws  require  that  the  rear  registration 
plates  be  illuminated  so  that  they  are  legible  at  a  distance  of  approxi- 
mately sixty  fict  and 

Whereas,  it  is  impossible  to  accomplish  the  proper  illumination  ot 
the  registration  plate  with  the  present  lighting  equipment,  and 

Whereas,  the  various  motor  car  manufacturers  and  manufacturers  of 
lighting  c(juipment  neecl  definite  standardization  of  registration  plates  in 
order  to  comply,  and 
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Whereas,  the  color  combinations,  size  of  plate,  size  of  stroke  and 
spacing  are  of  vital  importance, 

Therefore,  it  is  the  sense  of  this  joint  meeting  of  the  Lighting  Com- 
mittees of  the  I.  E.  S.  and  S.  A.  E.  that  no  specification  for  lighting  the 
registration  plate  can  be  practically  applied  unless  there  is  a  reasonable 
standardization  of  registration  plates  as  regards : 

1.  Maximum  dimensions  of  the  area  to  be  illuminated ; 

2.  Design  and  spacing  of  digits; 

3.  Color  contrast. 

The  joint  committees  further  suggest  that  such  standardization  might 
be  approximately  as  follows : 

1.  That  the  area  to  be  illuminated  be  included  in  a  rectangle  not 
larger  than  16  x  6.5  inches.  ' 

2.  That  the  design  and  spacing  of  digits  be  such  that: 

(a)  The  stroke  be  not  wider  than  0.5  inch. 

(b)  The  spacing  between  strokes  be  not  less  than  0.5  inch. 

(c)  That  a  space  of  not  less  than  0.75  inch  be  provided  between 
each  third  digit. 

(d)  The  opening  in  such  figures  as  3,  6,  9  and  5  be  kept  wide  so 
as  to  avoid  confusion  with  each  other  or  with  the  figure  8. 

(e)  The  colors  be  so  selected  as  to  secure  high  contrast  between 
the  numerals  and  backgrounds." 

It  is  planned  to  co-operate  with  other  organizations  in  calling  this 
resolution  to  the  attention  of  the  motor  vehicle  administrators  of  the 
various  states. 

The  committee  also  adopted,  unanimously,  the  Specifications  governing 
the  Acceptability  of  Electric  Tail  Lamps  for  Motor  Vehicles,  which  had 
been  prepared  by  the  sub-committee,  Mr.  A.  W.  Devine,  Chairman.* 

The  committee  considered  an  inquiry  from  the  A.  E.  S.  C.  as  to  the 
desired  scope  of  sponsorship  established  in  connection  wiih  the  recently 
accepted  standard  specifications  for  motor  vehicle  headlights.  It  was  th-e 
sense  of  the  Committee,  the  S.  A.  E.  representatives  concurring,  that 
it  should  embrace  motor  vehicle  lighting,  and  not  be  limited  solely  to  head- 
lighting. 

COMMITTEE  ON  NOMENCLATURE  AND  STANDARDS 

At  the  meeting  of  the  committee  held  at  the  General  Office  on  January 
23,  plans  for  the  work  of  the  committee  for  the  year  were  considered. 
It  was  decided  to  call  attention  to  the  membership  of  the  Society  and 
others  interested  the  status  of  the  revision  of  the  Illuminating  Nomen- 
clature and  Photometric  Standards. 

*  These  specifications  are  priuted  ou  page  20S  of  this  issue. 
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Revision    of    lUnminafing    Engineering    Nomenelaturr    and    Photometric 

Standards. 

The  work  of  the  Xomenclature  and  Standards  Committee  of  the 
Illuminatinc:  Engineering  Society  has  contributed  very  greatly  to  uni- 
formity of  practice  in  this  field,  and  the  result  of  this  v/ork  in  the  form 
of  a  report  called  "Illuminating  Engineering  Nomenclature  and  Photo- 
metric Standards"  was  approved  as  an  American  Standard  by  the  Ameri- 
can Engineering  Standards  Committee  on  July  ii,  1922.  Copies  of  this 
standard  are  now  obtainable  on  application  to  the  office  of  the  Illuminating 
Engineering  Societ,v. 

Further  revisions  of  this  standard  will  be  made  jointly  by  the  I.  E.  S. 
committee  and  a  sectional  committee  organized  under  the  auspices  of 
the  American  Engineering  Standards  Committee.  A  preliminary  re- 
vision was  presented  as  a  part  of  the  report  of  the  1922  I.  E.  S.  com- 
mittee at  the  Swampscott  Convention  last  fall.  This  report  has  just 
been  issued  in  the  January  number  of  the  Transactions  of  the  Society. 
The  committees  engaged  in  this  work  wish  to  make  the  standard  as 
practical  and  as  widely  useful  as  possible,  and  in  order  to  attain  this  end 
they  wish  to  obtain  criticisms  from  all  who  are  interested  in  such  sub- 
jects. It  is  therefore  requested  that  suggestions  and  criticisms  be  sent 
either  to  the  general  offices  of  the  Society,  29  West  39th  Street,  New 
York  City,  or  to  the  Secretary  of  the  committee.  Air.  Howard  Lyon, 
Welsbach  Company,  Gloucester,  N.  J. 

COMMITTEE  ON  NEW  SECTIONS  AND  CHAPTERS 

Mr.  D.  McFarlan  Moore,  Chairman,  reports  that  one  of  the  most 
hopeful  signs  of  growth  of  the  Society  is  the  pending  formation  of 
Chapters  in  the  following  cities :  Detroit.  Mich. ;  Columbus,  Ohio,  Los 
Angeles,  Cal. ;  Newark,  N.  J. ;  Pittsburgh,  Pa. ;  Rochester.  N.  Y..  and 
South  Bend,  Ind. 

NEWS  ITEMS 

COUNCIL  MEETS  AT  CLEVELAND 

The  Janiia'y  meeting  of  the  Council  was  held  in  Cleveland  on  Jan- 
uary 18,  during  the  week  of  the  1923  Lighting  I'ixture  Market  of  the 
Associated  Lighting  Industries.  Pri(^r  to  the  meeting  a  Conncil  luncheon 
was  served  in  the  private  diniiv^-rdoni  of  tin-  l'",leclrical  League,  Hotel 
Statler. 

THE  CHICAGO  LECTURES 

A  Course  of  Lectures  on  Ai)prove(l  Methods  of  lIluininati(Mi  was  held 
in  tlu."  rooms  of  the  Western  Society  of  luigineers  on  January  22  to  2<), 
1923.  The  lectures  were  open  to  architects  and  architectural  engineers 
and  were  KJven  under  the  joint  auspices  of  Armor  Institute  of  Technology 
and  the  Illuminating  ICngineering  Society.  The  followiiu;  proi;rain  was 
arranKe<l    for  presentation: 


2J4  TRANSACTIONS  I.  E.   S.,  FEBRUARY,   I923 

Monday,  January  22,  1923,  1:30  to  4:30  P.  M. 

Opening  Address    Dr.  Howard  M.  Raymond,  Chicago,  Illinois 

President,  Armour  Institute  of  Technolog>^ 

Response  Mr.  Alfred  H.  Granger,  Chicago,  Illinois 

President,  Illinois  Chapter,  American  Institute  of  Architects 

Response  Mr.  Frank  E.  Davidson,  Chicago,  Illinois 

President,  Illinois   Society  of  Architects 
The  Relations  of  Illumination  to  Modern  Architecture 

Mr.  Ward  Harrison,  Cleveland,  Ohio 
President,    Illuminating    Engineering   Society 
Demonstration  of  Fundamental  Lighting  Principles  and  their  Application 

Mr.  Albert  L.  Arenberg,  Chicago,  Illinois 
Chairman,  Chicago  Section,  Illuminating  Engineering  Society 

Tuesday,  January  23,  1923,  1:30  to  4:30  P.  M. 

Fundamentals  of  the  Science  and  the  Art  of  Illumination 

Mr.  B.  H.  freeman,  Chicago,  Illinois 
Professor  Electrical  Engineering,  Armour  Institute  of  Technology 
The  Choice  of  Reflecting,  Transmitting  and  Diffusing  Equipment  in  Light- 
ing Installations  Mr.  Arthur  J.  Sweet,  Milwaukee,  Wisconsin 

Consulting  Engineer 

Tuesday,  January  23,  1923,  5:30  to  8:30  P.  M. 

Dinner Edison  Building 

Library  and  School  Lighting. .  .Mr.  H.  H.  Higbie,  Ann  Arbor,  Michigan 
Professor  of  Electrical  Engineering,  University  of  Michigan 

(  Illinois  Bell  Telephone  Bldg. 

Inspection  of   Office  Buildings    <  r^^,,,^,„-.,^^nh  c^/;..^^,  r/^/, 

'■  *  I  Lommonwealtn  Uaison  nldg. 

Wednesday,  January  24,  1923,  1:30  to  4:30  P.  M. 

Methods  of  Office  Lighting  and  Illumination  Problems 

Mr.  S.  G.  Hibben,  New  York  City 
General  Secretary,  Illuminating  Engineering  Society 

Residence  Lighting Mr.  A.  L.  Powell,  New  York  City 

Chairman,   New  York  Section,  Illuminating  Engineering  Society 

Thursday,  January  25,  1923,  1:30  to  4:30  P.  M. 

Lighting  of  Interiors  for  Public  Assembly 

Mr.  J.  L.  Stair,  Chicago,  Illinois 
Past  Chairman,  Chicago  Section,  Illuminating  Engineering  Society 
Modern  Store  and  Show-Window  Lighting 

Mr.  Norman  Macbeth,  New  York  City 
Consulting  Engineer 
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Thursday,  January  25,  1923,  5:30  to  8:30  P.  M. 

Dinner  Engineers'  Club 

Light  and  Color  as  Instruments  of  Expression 

Mr.  M.  Luckiesh.  Cleveland,  Ohio 

Specialist  in   Color  and   Light 

T  .       __.  .  (  Hamilton  Club 

Inspection  Visits  s    r   ,      ^  ^  -l 

[  John  Crerar  Library 

Friday,  January   26,   1923,   1:30   to  4:30  P.  M. 

Factory  Lighting   Mr.   Otis  L.  Johnson.  Chicago,  Illinois 

Vice-President,   Illuminating  Engineering   Society 

Design  of  Illuminating  Units Mr.  George  Ainsivorth,  Nezv  York  City 

Lighting    Fixture    Designer 

DR.  SHARP  ATTENDS  BRITISH  L  E.  S.  MEETING 

Through  the  courtesy  of  Mr.  Leon  Caster,  Honorary  Secretary  of 
The  Illuminating  Engineering  Society  of  London,  Dr.  Clayton  H.  Sharp 
was  privileged  to  attend  a  meeting  of  that  Society  which  was  held  on 
December  12,   1922. 

Two  papers  were  presented ;  one  on  Street  Lighting  and  Safety  by 
Leon  Caster,  and  the  other  on  Street  Lighting  Requirements  by  Haydn 
T.  Harrison.  The  meeting  was  presided  over  by  Mr.  A.  P.  Trotter  whose 
experience  in  matters  of  street  lighting  and  in  the  measurement  of  street 
lighting  probably  reaches  back  as  far  as  that  of  any  man  who  is  active 
in  the  field  to-day,  and  whom  it  was  a  great  pleasure  to  meet  once  more. 

The  meeting  was  well  attended,  one  characteristic  of  the  audience  be- 
ing that  the  average  age  of  those  attending  seemed  to  be  considerably 
greater  than  in  the  case  of  our  own  I.  E.  S.  meetings. 

Mr.  Caster's  able  paper  made  a  plea  for  a  large  increase  in  street 
illumination  for  the  sake  of  the  increased  safety  which  would  result  there- 
from, and  stated,  amongst  other  things,  data  which  have  been  presented 
before  our  own  Society  in  support  of  his  thesis. 

The  paper  by  Mr.  Harrison  referred  back  to  the  investigations  of  tiie 
Joint  Street  Lighting  Committee  made  in  191 1  and  191  J,  as  a  result  of 
which  the  method  of  classifying  street  ilhiniiiiations  (ui  the  basis  of  mini- 
mum ilhimiih-ition  was  advocated.  Mr.  Harrison  pointed  out  the  advan- 
tages of  this  system  and  presented  a  scheme  for  wluit  he  called  "longi- 
tudinal system"  of  street  lighting  by  which  the  retjuired  mininuim  could  be 
obtained  with  the  greatest  elliciency.  He  also  noted  the  work  which  has 
l)ccn  carried  on  in  this  country  in  the  investigation  of  street  lighting, 
notably  as  reported  by  the  Stmt  Lighting  Committee  of  the  Xational 
Electric  Light  Association,  and  eited  also  the  work  of  Messrs.  .Millar  and 
Lacombe.  The  author  was  inclined  to  be  critieal  of  the  Xational  hJectric 
Light  As.sociatiou  because  of  its  rejietion  of  the  inininiuiu  criterion  and 
its  advocacy  of  street  lighting  contracts  based  on  lamps  in  service  rather 
than  on  illumination  results.     The  discussion  of  the  paper  was  of  a  very 
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able  order  indeed,  being  participated  in  largely  by  individuals  who  are 
responsible  for  the  actual  street  lighting  work  in  England  and  elsewhere 
in  the  United  Kingdom.  One  gentleman  had  come  all  the  way  from 
Glasgow  in  order  to  participate  in  this  discussion. 

Dr.  Sharp  was  cordially  invited  to  join  the  discussion  and  was  most 
kindly  received  although  he  was  obliged  to  differ  radically  from  the  main 
point  of  Mr.  Harrison's  paper  and  to  defend  and  explain  the  reason  for 
the  action  of  the  National  Electric  Light  Association. 

The  meeting  was  a  most  interesting  one  from  all  points  of  view,  and 
most  instructive  as  showing  how  efficiently  the  British  Society  is  operating, 
and  what  great  attention  is  being  given  to  its  work  by  the  leaders  of 
thought  and  of  practice  in  this  field.  It  is  to  be  hoped  that  some  time 
it  may  be  possible  to  carry  out  a  joint  meeting  of  the  British  and  American 
Illuminating  Engineering  Societies.  This  would  be  of  the  greatest  in- 
terest and  profit  to  both  organizations. 


I.  E.  S.  EXHIBIT  AT  THE  1923  LIGHTING  FIXTURE  MARKET 

Through  the  auspices  of  the  Illuminating  Glassware  Guild,  the  Illumi- 
nating Engineering  Society  had  an  Exhibit  at  the  1923  Lighting  Fixture 
Market,  held  at  the  Hotel  Winton,  Cleveland.  Ohio,  January  15th  to  20th. 
The  Exhibit  Room  was  approximately  12  x  15  ft.  in  size,  and  sections  of 
the  display  are  shown  on  the  accompanying  photographs.  An  outstanding 
feature  of  the  Exhibit,  which  was  entirely  of  an  educational  nature,  was 
that  of  attracting  attention  to  the  work  of  the  Illuminating  Engineering 
Society. 

At  the  entrance  of  the  room  a  changeable  electric  sign  alternated 
between  displaying  the  words  Illuminating  Engineering  Society  and 
Better  Lighting  Exhidit.  At  the  end  of  the  room  opposite  the  entrance 
a  large  United  States  map,  equipped  with  miniature  lamps,  indicated  the 
location  of  I.  E.  S.  Sections,  Chapters,  and  Local  Representatives.  On 
one  side  of  the  room  a  display'  of  wall  brackets  with  reflectors  and  shades 
showed  the  ratings  with  regard  to  shading,  diffusion,  transmission,  etc.,  of 
various  lighting  media,  as  given  in  the  I.  E.  S.  Tentative  Code  of  Lumi- 
naire  Design.  On  the  other  side  of  the  room  an  exhibit  showed  the  develop- 
ment in  table  lamps  from  the  standpoint  of  shading  the  light  source.  On 
the  wall  directly  over  the  table  lamp  exhibit  a  display  was  made  of  good 
and  bad  practice  in  the  use  of  wall  bracket  equipment.  A  display  was 
also  made  of  some  of  the  different  shapes  of  glass  reflectors  as  used  in 
residences    on    pendent    type    fixtures.      By    means    of    an    Attractoscope, 
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pictures  of  good  residence  lighting  were  shown,  and  from  a  Glare  Exhibit 
Box  the  uncomfortable  lighting  effect  produced  by  a  bare  lamp  located 
directly  in  the  line  of  vision  was  demonstrated. 

Three  framed  panels,  each  2x3  ft.,  suspended  from  the  wall  mold- 
ing carried  Lighting  Legislation  bulletins,  Illuminating  Engineering  Society 
Codes,  and  other  reports  of  the  accomplishments  of  the  I.  E.  S.  com- 
mittees. Copies  of  the  Tentative  Code  of  Luminaire  Design,  Illuminating 
Engineering  Society  Tr.\nsactions.  and  other  literature  pertaining  to  the 
work  of  the  Society  were  available  at  the  desk. 


Mr.  S.  E.  Doane,  Chief  Engineer  of  the  National  Lamp  Works  of 
General  Electric  Co.,  returned  to  this  country  on  December  18,  1922,  after 
a  trip  of  three  months  in  Europe.  With  headquarters  in  Paris  he 
visited  Milan,  Budapest,  Vienna,  Geneva,  Berlin  and  London. 


A  lecture  to  some  three  hundred  members  of  the  New  York  Train- 
ing School  for  Teachers  was  given  by  Mr.  S.  G.  Hibben  on  January  22, 
elalxjrating  and  explaining  the  I.  E.   S.  Code  of  School  Lighting. 


A  rather  extensive  portable  industrial  and  commercial  lighting  demon- 
stration which  has  been  used  by  the  Edison  Lamp  Works  for  the  last 
two  years  has  been  in  use  this  season  in  New  England  and  at  the  various 
properties  of  the  Consumer's  Power  Company  in  Michigan.  This  ex- 
hibition is  under  the  direct  charge  of  Messrs.  W.  H.  Radcmacher  and 
R.  E.  Greiner  who  have  been  on  such  work  ever  since  its  inception  and 
are  experienced  and  forceful  lecturers. 


Mr.  A.  B.  Oday  addressed  the  class  in  Artificial  Illumination  under 
the  direction  of  the  Board  of  Education  of  New  York  City  through  Mr. 
F.  J.  McGuirc  on  January  23  on  "The  Characteristics  of  Reflecting  and 
Diffusing  Media." 


The  Senior  Electrical  Engineers  at  New  York  University,  in  con- 
nection with  their  course  on  illumination  by  Prof.  S.  K.  Barrett,  visited  the 
Harrison  plant  of  the  Edison  Lamp  Works  (in  January  4.  A  trip  was  made 
tiirough  one  of  the  lamp  factories  and  the  remainder  of  the  afternoon 
was  spent  in  demonstrations  and  talks  by  mcmlx'rs  of  the  Commercial 
Engineering  and  Lighting  vServicc  Departments. 


Mr.  A.  L.  I'owrll,  addressed  the  wSonior  Elect  rioal  luiKineirs  at 
Brooklyn  Polytechnic  Institute  on  "The  Principles  of  Good  Ligliting"  on 
January  ()  and  also  delivered  a  talk  at  the  vSouthern  Association  of  Bnild- 
lu^  Owners  and  Mana^'ers,  Atlanta,  (fcorgia.  on  "How  to  Make  OtVice 
Lighting  Satisfactory  to  liotli  Tenant  and  Owner"  on  January  16. 
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GENERAL  OFFICE  NOTES 
DELINQUENT  DUES 

Some  of  our  members  are  still  in  arrears  for  their  dues  for  the 
present  fiscal  j-ear.  According  to  our  constitution,  these  dues  are  pay- 
able in  advance  and  become  due  on  October  first.  One  of  our  active 
members  suggests  the  insertion  of  the  following  reminder : 

"The  Illuminating  Engineering  Society  absorbs  its  income  in  the 
diffusion  of  light  on  lighting,  so  please  duly  reflect  and  then  transmit 
your  dues  to  the  General  Office,  thus  preventing  interference  of  the  prop- 
agation of  light  and  illumination." 

ADDRESSES   UNKNOWN 

The  General  Office  would  appreciate  any  information  from  our  mem- 
bers  in  regard   to  the   present   location   of   the   following: 

l^atest  Address  Known 

Maurice  P.  Brogan  Lumen   Unit   Company,   Cleveland,   Ohio. 

Willis  G.  Gordon  Pacific  States   Electric   Co.,   Seattle,   Wash. 

R.  L.   Sunstcdt  Westinghouse  Elec.  &  Mfg.  Co.,  Seattle,  Wash. 

RECENT  REPRINTS 

There  can  be  obtained  from  the  General  Office  the  following  reprints 
of  the   Society's  activities.     Price  per  copy  listed  below: 

"Code  of  Lighting  School  Buildings,"  as  adopted  in   1918.     25  cents. 
"Code  of  Lighting  Factories,  Mills  and  Other  Works  Places."   (Am- 
erican Standard).     25  cents. 

"Illumination   Engineering  Nomenclature  and   Photometric    Standards." 
(American    Standard).      15    cents. 

"'Specifications   of   Laboratory  Tests   for   Approval   of    Electric  Head- 
lighting  Devices  for  Motor  Vehicles."     (Tentative  American   Standard). 
15  cents. 
"Tentative  Code  of  Luminaire  Design."     25  cents. 


OLD  TRANSACTIONS  FOR  SALE 

The  committee  on  Editing  and  Publication  is  able  to  secure  a 
limited  number  of  various  back  issues  of  the  Transactions  begin- 
ning with  Vol.  Ill,  1908.  It  is  suggested  to  those  members  and 
others  interested  in  completing  former  volumes  to  communicate 
immediately  their  wishes  to  the  committee. 

Unless  a  favorable  demand  is  evidenced  these  former  issues  will 
not  be  acquired.  Inquires  should  be  addressed  to  Mr.  N.  D.  Mac- 
donald.  Chairman,  I.  E.  S.  Committee  on  Editing  and  Publication. 

29  West  39th  Street,  New  York  City. 


ILLUMINATION  INDEX 

Prepared  by  the  Committee  on  Progress. 


An  INDEX  of  references  to  books,  papers,  editorials,  news  and  abstracts  on 
illuminating  engineering  and  allied  subjects.  This  index  is  arranged  alphabetically 
according  to  the  names  of  the  reference  publications.  The  references  are  then  given 
in  order  of  the  date  of  publication.  Important  references  not  appearing  hereiu 
should  be  called  lo  the  attention  of  the  Illuminating  Engineering  Society,  29  W. 
39th  St.,  New  York,  N.  Y. 


American      Architect      and      Architectural 
Review 
Design  and   Construction  of   Theaters. 
Part  III — Lighting- 
Central  Station 

Ground  Rules  of  the  Lighting  Game — 
Electrical  Merchandising 

A    Commercial    Survey    of    Residence 
Lighting   Possibilities — IV — 
Electrical  Review 

Illuminating  Engineering  and  the  Archi- 
tect- 
Electrical  Times 

Daylight  \.  Artificial  Light— 
The  Glass  Bulb  and  its  Developments- 
Ships'  Lighting  Fittings — 

Electrical  World 

Some     of     the     Problems     of     Flickcv 
Photometry — 

Pilot-Light  Control   for  Furnace  Elec- 
trodes— 

Specific  Data  for  Strcct-Lightinir  Prac 
tire — 

Electrician 

Popularity  of   Electric  Safety    Lamps 
Neon  Glow-dischaij4i'    Lamp  on    D.   C. 
Circuits — 
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Elektrotechnik  und  Maschinenbau 

Ein  Weg  zum   Studium   und   zur   Pro- 

jektieiung  der   Innenbeleuchtung —       J.  Ondracek  Nov.    5  521 

Elektrotechnischer  Anzeiger 

Einiges  liber  die  wirtschafllichere  Ver- 
wendung  des  elektrischen  Stromes 
fiir    Reklame-    und    Allcgemeinbel- 

cuchlnngszwecke—  Oct.    5  1256 

Elektrotechnischer  Zeitschrift 

Elektrische  Lcuchtblumen —  Nov.  9         1366 

Entwicklung,  Stand  und  Aufgaben  der 

elektrischen  Beleuchtung —  H.  Lux  Nov.  23        1401 

Gas  Journal 

Modern  Gas  Lighting,  with  Special  Ref- 
erence to  the  Illumination  of  Fac- 
tories and  Workshops —  Robert  Watson  Nov.  8  :i72 

Modern  Gas  Lighting —  Dec.    6  63O 

Gas  und  Wasserfach 

Museum    fiir   das    Beleuchtungs-,   Hei- 

zungs-  und  Wasserfach —  Dec.    2  776 

Good  Furniture 

Blue  Lights  to  Show  Colors  in  Uphol- 
stered Furniture —  Dec.  293 

Helios 

Neuc  Normen  fiir  die  Lichttechnik — 

Gluhlampen-Regeneration — 

Die     clcktromedizinische     Licht-     und 

Warmetechnik —  Otto  Muller 

Leuchtsignal-Anlagen — 
Verfahren  zur  Erzeugung  hoher  Vakua 

(Hochvakuumtcchnik) —  Dec.    3  577 

Illuminating  Engineer 

Artificial  Daylight  for  Dentists —  Aug.  238 

Directive  Street  Lighting —  Aug.  238 

National        Illumination        Committee. 

Chairman's     Report    and    List     of 

Definitions  and  Units —  «  Aug.  223 

Gas    Lighting    Developments    in    New  Aug.  229 

castle-upon-Tyne — 
Night  Li>:<hting  of  an  Aerodrome —  Aug.  231 

Jahrbuch  der  Radioaktivitat  und  Elektronik 
Uber    Sensibilisatoren    bei    photochem- 
ischen,    photographischcn    und    bio- 
logischcn  Prozessen —  J.   M.   Eder  Nov.    16  71 


Oct.  22 
Nov.  5 

Nov.   12 
Nov.  26 
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t)ber  die  Entwichlung  der  normalcn  und 
selekt     iven     Lichtelektrizitat     seit 
1914— 
Journal  of  the  American  Institute  of  Elec- 
trical Engineers 
Lighting    and    Illumination    Committee 

Annual  Report — 
Light  Without  Glare  (Discussion)  — 
Journal  of  Experimental  Psychology 

The  Color  Preferences  of   Five   Hun- 
dred   and     Fifty-Nine    Full-Blood 
Indians — 
Journal  of  the  Optical  Society  of  America 
and  Review  of  Scientific  Instruments 
On  the  Quantity  of  Light  Energ>-   Re- 
quired   to    Render    Developable    a 
Grain  of  Silver  Bromide — 
A  Hemispherical  Photometric  Integra- 
tor— 
A  Small  High  Intensity  Mercury  Arc  in 
Quartz-Glass — 
Licht  und  Lampe 

Unscrc  jet/igen  Vorstcliungen  von  dcr 

Natur  des  Lichts — 
Gegenwart    und    Zukunft    dcr    Gasbc- 

Icuchtung — 
Belcuchtungstechnische   Eindrucke    von 

cincr  Studicnrcise  nach  Amerika — 
Deutsche     Beleuchtungstechnische     Gc- 

scUschaft — 
Beleuchtungstechnische   Eindrucke   von 

einer  Studienreise  nach  den  Vcrcin- 

igtcn'Staatcn  von  Amerika — 
Die   Stafifclung   und   Auszciclmung  drr 

clcktrischcn   Gluhlampcn    nach    dcv 

Leistuiig  in  Watt — 
Monthly  Abstract  Bulletin  of  the  Eastman 
Kodak  Company 
A    New    Microphotometcr    for    i'hoto 

graphic  Densities — 

I\(juiid   Lighting  in  the  Studio 
Research  on  the  Fhiorescence  of  Cdlu 
lo'-t'  and  its  I)('ri\  ativcs-— 
National  Electragist 

Lectures  on  Lighting 


G.   Wicdmann 


Thomas  R.  Garth 


P.  S.  Helmick 
Frank   Benford 
L.  J.  Buttolph 


K.  Finckh 


A.  R.  Mcver 


Nov.  16         112 


Dec.  942 

Dec.  964 


Dec. 


Nov.  2 


39-2 


Dec. 

998 

Dec. 

1040 

Dec. 

1066 

Oct.    5 

463 

Oct.  5 

4O4 

Oct.  5 

465 

Nov.  2 

485 

486 


Nov.    2  492 


K.     W.     !•.     Kohl 

rauscli 

Nov. 

446 

C.  N.  HtMiiutt 

Nov. 

440 

S.    .1      i<ruis 

Nov. 

4fx) 

Dec 

53 
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National   Safety   News 

Latest  Practices  in  Factory  Lighting — 

Philosophical  Magazine 

The  Measurement  of   Light — 
Physical  Review 

A  Study  of  the  Exciting  Power  for 
Fluorescence  of  the  Different  Parts 
of  the  Ultraviolet  Spectrum — 

Low  Voltage  Arcs  in  Diatomic  Gases — 
Physikalische  Berichte 

Synet  i  Tusmorke    (Color  Physiology) 
Popular  Mechanics  Magazine 

Automobile  Headlight  Controller  Dims 

Lights  Gradually — 
Building  Columns,   Darkened,   Illumin- 
ated by  Strong  Lights — 
Proceedings   of   the   National   Academy   of 
Sciences 
A    Direct    Method    of    Testing    Color 
Vision  in  Lower  Animals — 
Proceedings   of   the   Royal   Society 
On  the  Fluorescence  of  Aesculin — 

An  Investigation  of  the  Colour  Vision 
of   527    Students    by   the    Rayleigh 
Test- 
Railway  Electrical  Engineer 

Power  and  Lighting  Facilities  on  the 
Erie — 

Steel  Car  Lighting  Fixtures — 

Principles  of  Car  Lighting  by  Electric- 
ity- 
Revue   Generale  de  L'Electricite 

Le  balisagc  lumineux — 
Science 

Colors   for  Traffic  Systems — 
Science  Abstracts 

Phototropy  and  Photoelectric  Effect 
(from  Soc.  Chim.  de  France,  Bull, 
iv,  29,  pp.  961-976,  Nov.  20,  1921)  — 

Photophoresis  (from  Phys.  Math.  Soc. 
Japan,  Proc.  4,  pp.  67-70,  Ap-ril- 
Alay,  1922) — 


G.   H.  Sticknej' 


John  W.  T.  Walsh 


Sept.     -  36 

Dec.  1 165 


Leland  J.   Board- 

man 

Dec. 

552 

0.  S.  Duffendack 

Dec. 

665 

M.  Tscherning 

Nov. 

14 

1190 

Dec. 

879 

Dec. 

848 

W.  F.  Hamilton 

J.    C.    McLennan 
and  F.  M.  Cale 


R.  A.  Houstoun 


Dec. 


Nov. 
Nov. 

Dec. 


350 


Dec.    I  256 


Dec.  I  353 


373 
398 

411 


E.  ^Marcotte 


P.  H.  Gallagher 


T.  Terada 


Nov.   11  148D 

Dec.   8  652 

Oct.   31  754 

Oct.  31  755 


II.I,UMINATI0X  INDEX 


233 


Photometry     of     Optical     Instruments 
(from  Optical  Soc,  Trans.  23,  3,  pp. 
205-216;   Disc,  216,   1922)  — 
Scientific    American 

A  Police  Baton  with  a  Flashlight — 
Traffic  Officers  Journal 

Good  Lighting  Essential  to  Safe  Motor- 
ing- 
Transactions  of  the  Illuminating  Engineer- 
ing Society 
Illumination   of   the   Brazilian   Centen- 
nial Exposition — 
Presidential  Address — The  Illuminating 
Engineering  Society,  Its  Ideals  and 
Character — 

Lighting    Statistics    of    Representative 
Urban  and  Suburban  Homes — 

A  Survey  of  Residence  Lighting — 
Lighting  of  the  Food  Industries — 
Cotton  Mill  Lighting — 
Co-operation   of   the    I.    E.    S.   and   the 

A.  E.  S.  C— 
Lighting  for  Public  Eating  Places — 
Practical  Applications  of  the  Principles 

of  School  Lighting — 
The  Code  of  Luminaire  Design — 
Overcoming     Daylight     Reflections     in 

Show  Windows — 


Effect  of  Light  on  the  Drawing  Power 
of  the  Show  Window — 

Tentative  Code  of  Lumiuairo  Design — 
Ki  port   of  tile  Sul)-('oiii!niUfc  oil  Cilarc 
Zeitschrift  fiir  Elektrochemie 

Xatural   Constants  and   '!\c]niical   Con- 
stants of  Classes — 
Zeitschrift  fiir  Physik 

(*l)cr  ncntrc   MniKuhidinatorcn* — • 
Die    Crosse    dcs    Kathodcnfleckcs    dcs 
Kohk'liclitboj;cjis  in  l.nft  — 


J.    Guild 


Alex.    Johnson 


Nov.  30         820 
Dec.  393 

Aug.-Sept.       II 


Oct. 


475 


Dr.   G.   S.   Cramp- 

ton 

Oct. 

484 

Norman    D.    Mac 

donald 

Oct. 

488 

M.  Luckiesh 

Oct. 

510 

W.  H.  Rademacher 

Oct. 

54^ 

James  M.  Ketch 

Oct. 

577 

Nov. 

61:, 

J.  L.   Stair 

Nov. 

621 

H.  B.  Dates 

Nov. 

642 

M.  Luchiesh 

Dec. 

^7i 

Ward    Harrison 

and  H.  T.  Spauld- 

ing 

Dec. 

077 

W.    Stnrrock   and 

J.  M.  Shutc 

Doc. 

6f^.^ 

Dec. 

703 

Dec. 

713 

ZscliiinnuM- 

1922.  jS 

U).\ 

C.    l.eiss 

March  31 

203 

.•\.  GmitluT- 

Schultzc 

Oct.  7 

71 

*Not    pr<'vionsly    reviewed. 
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Die  Vorgange  an  dcr  Kathode  des 
Quecksilbervakuumlichtbogens — 

Dissoziation,  Temperatur  and  Dampf- 
druck  im   Quecksilberlichtbogen — 

Zeitschrift  fiir  Physikalische  Chemie 

Uber  Chemilumineszenz  und  thermo- 
chemisches  Verhalten  von  Organ- 
omagensiumvcrbindungen— 

Zeitschrift  fiir  Psychologic 

Eine  neiie  Theorie  des  Sehens — 
t)ber  die  Definition  der  Sattigung  einer 
Farber  nach  Helmholtz — 
Zeitschrift     fiir     wissenschaftliche     Photo- 
graphie,    Photophysik    und    Photochemie 
Cber  die  optische  Sensibilisierung* — 
Woman's  Home  Companion 
Lights  an«l  Shades — 


A.  Giinther- 

Schultze 

Oct.  7 

A.  Gunther- 

Schulze 

Nov,  17 

74 


260 


J.     Lifschitz     and 

Otto  E.  Kalbercr 

Oct.   19 

393 

Fritz  Schanz 

Oct 

93 

VV.  Seitz 

Oct. 

146 

Chr.  Winther 

April 

141 

Weymer  Mills 

Oct. 

72 

*Not  previously   reviewed. 
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Some  European  Impressions 

IN  ONE  BRIEF  period  of  three  months  abroad,  which  per- 
mits hardly  more  than  a  week  in  each  country,  one  can  obtain 
very  httle  real  information  on  conditions  excepting  through  the 
courtesy  of  friends.  It  was  my  fortune  to  have  good  friends  in 
England,  France,  Italy,  Austria,  Hungary,  and  Germany,  who 
told  me  much  of  the  chaos  which  has  followed  the  war. 

With  the  workings  of  our  own  ordered  industry  fresh  in  mind, 
it  was  much  as  if  time  had  reversed  and  I  had  stepped  back 
some  years  to  visit  these  foreign  countries.  European  industrial 
leaders  will  all  tell  you  that  their  countries  are  in  process  of  re- 
covery, but  in  some  countries,  notably  in  France  and  in  England, 
the  recovery  is  far  in  advance  of  that  in  others,  such  as  Germany. 
In  every  country  they  have  had  word  of  our  marvelous  progress 
in  illumination  and  are  anxious  to  establish  contact  with  us.  The 
scientific  and  engineering  men  particularly  are  most  anxious  to 
put  the  troubles  of  the  past  years  behind  and  to  get  on  a  better 
basis  of  understanding  with  America.  America  is  recognized  as 
leading  in  the  lighting  field. 

It  is  too  soon  after  the  wounds  of  the  great  war  to  expect  to 
find  the  various  illuminating  engineering  societies  well  organized 
and  on  an  operating  basis.  It  seems  to  me,  however,  that  our 
organization  could  well  go  out  of  its  way  to  assist  its  European 
friends  of  former  years  to  get  in  step  with  conditions  here  once 
more. 

'j'he  informal  meeting  of  the  International  Electrotcchnical 
Commission  at  Geneva  brought  together  delegates  from  our  allied 
countries  and  our  own  and  in  addition,  for  the  first  time  since 
the  war,  delegates  from  Germany  were  present. 
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The  American  delegation  comprised  nine  members,  five  of 
whom  were  members  of  the  Illuminating  Engineering  Society; 
three  of  these  five  being  Past  Presidents.  The  subject  which 
could  be  most  properly  mentioned  in  an  I.  E.  S.  publication  was 
the  conference  on  standardization  of  Edison  base  sockets  of  the 
medium  and  Mogul  sizes.  It  is  enough  to  say  that  the  diplomatic 
course  was  well  cleared  and  a  procedure  suggested  which  in  all 
probability  will  result  in  an  international  standardization  of  the 
medium  and  Mogul  sockets. 

We  sometimes  refer  to  "standardization  of  bases"  but  it  is 
obvious  that  it  is  rather  standardization  of  the  sockets  which 
carries  with  it  an  ultimate  standardization  of  bases.  The  con- 
verse of  this  would  not  be  true. 

Standardization  is  sometimes  regarded  as  worth  while  in  itself, 
whereas  it  is  never  so  well  worth  while  in  itself  as  it  is  as  a  part 
of  a  larger  program. 

The  manufacturers  need  the  standardization  much  less  than  do 
the  public.  The  state  of  heterogeneity  which  increases  the  cost 
of  doing  business  merely  increases  the  cost  of  goods  to  the  ulti- 
mate consumer.  These  conditions  of  business  must  necessarily 
be  the  same  for  all  manufacturers ;  hence  these  manufacturers 
are  on  an  equal  basis  of  competition,  which  basis,  however,  is 
on  a  higher  level  of  cost  than  under  the  conditions  of  standardiza- 
tion, for  many  reasons. 

Standardization,  therefore,  in  this  case  is  a  factor  in  the  cost 
of  service  to  the  public  and  it  should  be  pursued  with  that  in 
mind  rather  than  as  an  end  in  itself. 

The  Committee  confined  itself  to  the  medium  and  Mogul  sizes" 
of  the  Edison  screw  sockets,  feeling  that  if  they  accomplished  an 
agreement  on  these  two  sizes  it  would  be  possible  at  a  later  date 
to  take  up  the  more  complicated  questions  relating  to  the  less 
used  sizes  and  types. 

It  would  be  fairly  easy  to  find  good  lighting  in  any  country  of 
Europe,  but,  as  one  of  my  European  friends  who  had  been  in 
this  country  remarked,  "While  you  can  always  find  good  lighting 
in  any  foreign  country  if  you  know  where  to  find  it,  you  see  it 
on  every  hand  in  America." 

Samuei<  E.  Doane. 
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Windowless   Museums  Forecast  for  Future 

'T^HE  MUSEUMS  of  the  future  will  have  no  windows  and  will 
J-  be  entirely  dependent  upon  artificial  lighting,  says  the  New 
York  State  Committee  on  Public  Utility  Information,  quoting 
Frederic  A.  Lucas,  the  Director  of  the  American  Museum  of 
National  History,  as  saying; 

"Light  is  the  great  enemy  of  natural  history  collections.  The 
lovely  Luna  moth  fades  after  a  few  days'  exposure;  feathers  of 
humming  birds  actually  seem  to  disintegrate  on  long  exposure 
to  light ;  a  few  years  ruin  mammals,  like  deer  and  foxes.  Some 
minerals  even  are  affected  by  light,  and  rose  quartz  pales  in  the 
sunshine  and  must  be  kept  in  the  dark." 

Just  what  is  it  in  plain  ordinary  daylight  that  does  all  this 
damage  ?  The  ultra-violet  rays,  says  Mr.  Lucas,  and  all  attempts 
to  filter  out  these  rays  through  frosted  or  colored  glass  windows 
have  not  been  successful.  Electric  light,  he  says,  has  many 
advantages.  **It  shines  when  and  where  it  is  wanted,  and  barring 
accidents,  it  shines  at  all  times,  with  the  same  degree  of  intensity." 

Mr.  Lucas  described  a  series  of  tests  made  by  Sir  Sidney 
Harmer,  Director  of  the  British  Museum  of  Natural  History, 
wherein  objects  were  exposed  to  different  kinds  of  light  con- 
tinuously for  nearly  three  years.    Of  these  tests,  Mr.  Lucas  says : 

"They  show  conclusively  that  electric  light  is  much  less  harm- 
ful than  daylight  and  Sir  Sidney  writes :  *A  gallery  without  win- 
dows, lighted  entirely  by  electricity,  preferably  not  arc  lights, 
would  have  great  advantages.'  " 

The  failure  to  produce  a  transparent,  non-actinic  glass  capable 
of  filtering  out  the  destructive  elements  from  sunlight,  says  Mr. 
Lucas,  means  that  museum  authorities  must  turn  to  electric  light 
for  the  s(jlution  of  the  problem.  It  is  estimated  that  the  gain  in 
wall  space  from  the  omission  of  windows  would  otTset  the  cost 
of  electric  light.  It  also  would  iliniinate  dark  corners  in  exhibi- 
tions halls. 
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The  Coming  of  the  Neon  Lamp 

"C^ROM  time  to  time  a  great  deal  has  been  heard  about  small 
-■-  neon  lamps  being  put  on  the  market  and  becoming  fairly  com- 
mon in  Europe.  In  this  country  they  have  so  far  been  conspicuous 
mainly  by  their  absence,  but  they  are  beginning  to  appear  and 
may  take  their  place  among  the  regular  lighting  devices  used  for 
special  rather  than  for  general  purposes.  The  brief  report  on 
some  of  these  lamps,  as  tested  in  this  country,  printed  last  week 
is,  therefore,  a  timely  one. 

Of  course,  the  neon  tube  as  a  spectacular  lighting  "stunt"  had, 
through  the  energy  of  M.  Claude,  been  made  known  in  Europe 
before  the  war,  but  these  early  tubes  were  of  fairly  high  voltage 
and  did  not  have  a  normal  place  in  central-station  activities.  The 
lamps  referred  to  by  A.  Palme  in  the  last  issue^  are  designed  for 
220-volt  circuits,  alternating  or  direct  current,  this  voltage  being 
a  usual  one  in  foreign  distribution  systems.  The  lamps  are  likely 
to  be  used  mainly  for  advertising  and  similar  purposes,  it  being 
possible  to  obtain  a  letter-shaped  lamp  working  at  an  expenditure 
of  not  more  than  2  watts  or  3  watts  per  letter  in  the  smaller 
sizes  and  giving  the  characteristic  neon  glow  of  vivid  orange 
with  the  faint  violet  fringe  about  the  electrodes  due  to  a  small 
amount  of  more  refrangible  light.  The  effect  is  characteristic 
and  pleasing.  These  lamps  may  also  find  useful  functions  as 
fuse  and  switch  indicators,  polarity  testers,  and  for  similar  pur- 
poses for  which  it  is  not  now  easy  to  get  a  lamp  of  really  small 
size  suited  to  the  ordinary  distribution  voltages.  In  the  United 
States  a  night  lamp  of  this  type  has  been  adapted  to  work  on  no 
volts  alternating  current,  giving  a  small  fraction  of  a  candle- 
power  for  an  expenditure  of  energy  of  less  than  2  watts. 

Altogether,  it  would  appear  that  the  neon  lamp  is  likely  to  have 
a  real  place  in  auxiliary  service.  The  actual  efficiency  is  low,  the 
specific  consumption  of  the  small  lamps  here  described  being  about 
10  watts  or  15  watts  per  candlepower,  but  where  the  only  require- 
ment is  a  very  small  amount  of  light  for  purposes  that  cannot 
really  be  considered  within  the  scope  of  illumination  high  effici- 
ency is  not  important,  while  the  need  of  a  lamp  of  very  low  power 
on  circuits  operated  at  the  ordinary  distributing  voltages  is  a 
real  one. — Electrical  World,  February  3,  1923. 

»  Palme,  A.,  "The  Neon  Glim  I^nmp,"  Electrical  World,  1923,  Vol.  81,  p.  216. 
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Street   Lighting  History 

A/r  ODERN  electric  street  lighting,  with  the  high  efficiency 
-*-  ■■■  tungsten  light,  had  for  its  early  prototype  the  horn-sided 
lantern  hung  out  after  dark  by  the  keepers  of  inns  and  shops, 
with  a  view  to  attracting  attention  to  their  wares.  It  was  en- 
tirely a  private  undertaking.  The  first  recorded  street-lighting 
city  ordinance  in  London  dates  back  to  1414,  it  being  recorded 
that  citizens  having  houses  on  certain  streets  were  ordered  to 
hang  lamps  before  their  doors  at  dark. 

The  New  York  State  Committee  on  Public  Utility  Informa- 
tion, tracing  the  history  of  street  lighting  to  date,  says  that  the 
practice  followed  by  so  many  thrifty  citizens  of  using  short 
candle-ends,  that  burned  only  for  an  hour  or  so,  caused  the  regula- 
tion of  this  early  system  of  street  lighting  to  be  turned  over  to 
the  night  watch  and  penalties  were  imposed  on  those  householders 
whose  lights  went  out. 

In  Paris,  the  first  attempt  at  municipal  street  lighting  was  in 
1558,  when  the  city  placed  pitch-filled  vessels  on  the  street  cor- 
ners, as  a  measure  of  protection  against  night  prowlers  and  ma- 
rauders of  that  period.  Gas  began  to  be  adopted  in  London  in 
1813,  oil-burning  street  lamps  being  in  general  use  before  that 
time. 

Electric  street  lighting  is  a  development  of  the  last  forty  years, 
beginning  with  the  carbon  arc,  progressing  with  the  carbon-fila- 
ment lamps,  the  high-efficiency  tungsten  light  now  being  used. — 
New  York  Times,  February  25,  1923. 

Manufacture  of  Lamps  and  Reflectors,   1921 

A  CCORDING  to  a  recent  announcement  of  the  Department 
-^"^  of  Commerce  reports  mado  to  the  Bureau  of  the  Census 
the  value  of  products  of  establishments  engaged  primarily  in  the 
manufacture  of  lamps  and  reflectors  amounted  to  $29,164,000  in 
iQji  as  compared  with  $38,099,000  in  1919  and  $16,638,000  in 
1914,  a  decrease  of  2^  percent  from  1919  to  1921,  but  an  increase 
of  75  per  cent  for  the  seven-year  period  19 14  to  1921.  The  indus- 
try includes  tin-  manufacture  of  automo!)ile,  carriage,  wagon, 
and  coach  lamps,  desk,  tal)le,  and  nii^ht  l;uni)s,  i)()rtal)lc  lamps, 
street  lamps,  and  lanterns,  gasoline  and  kerosene  lamps  and  fix- 
tures, and  reflectors,  hcadlij^dits,  railroad  track  li.i^hts,  etc.     These 
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products  do  not  include  the  arc,  incandescent,  and  other  electric 
lamps  for  which  statistics  are  given  in  connection  with  those 
for  electrical  machinery,  apparatus,  and  supplies. 

In  addition  to  the  value  of  products  of  establishments  assigned 
to  this  classification,  lamps  and  reflectors  to  the  value  of  $1,609,- 
000  in  1921,  and  $2,041,000  in  1919,  and  $735,000  in  1914,  were  re- 
ported as  subsidiary  products  of  establishments  assigned  to  other 
classifications. 

Of  the  157  establishments  reporting  products  valued  at  $5,000 
and  over  in  1921,  48  were  located  in  New  York;  35  in  Illinois; 
16  in  Pennsylvania;  10  in  Ohio;  9  each  in  California  and  Mas- 
sachusetts ;  6  each  in  Connecticut  and  Michigan ;  4  each  in  Indiana 
and  New  Jersey ;  2  each  in  Maryland  and  Oregon ;  and  i  each  in 
Kansas,  Missouri,  Texas,  Washington,  West  Virginia,  and  Wis- 
consin. 

In  November,  the  month  of  maximum  employment,  7,233  wage 
earners  were  reported,  and  in  January,  the  month  of  minimum 
employment,  5,685 — the  minimum  representing  79  per  cent  of 
the  maximum.  The  average  number  employed  during  192 1  was 
6,447,  as  compared  with  8,360  in  1919. 

The  statistics  for  192 1,  1919,  and  1914  are  summarized  in  the 
following  statement.  The  figures  for  192 1  are  preliminary  and 
subject  to  such  change  and  correction  as  may  be  found  neces- 
sary from  a  further  examination  of  the  original  reports. 


Items 


1921 


1919 


Number  of  establishments 

Persons  engaged 

Proprietors  and  firm  members... 

Salaried  employees. 

Wage  earners  (average  number) 
Salaries  and  wages 

Salaries 

Wages 

Paid  for  contract  work 

Cost  of  materials 

Value  of  products 

Value  added  by  manufacture  ^ 


157 
7.647 

132 
1,068 

6,447 

|;9,93o,ooo 

2,467,000 

7,463,000 

135,000 

14,014,000" 

29, 164,000 

15,150,000 


149 

9,734 

116 

1,258 

8,360 

U  1,936,000 

2,644,000 

9,292,000 

29,000 

18.429,000 

38,099,000 

19,670,000 


1914 1 


122 
8,147 

87 
926 

7,134 
15,518,000 

T, 345, 000 
4,173,000 
34,000 
8,012,000 
16.638,000 
8,626,000 


1  Statistics  for  establishments  with  products  valued  at  less  than  $5,000  are  not  included 
in  the  figures  for  1921.  There  were  13  establishments  of  this  class,  reportinjj  4  wage 
earners  and  products  valued  at  138,000.  For  1919,  however,  data  for  22  establishments  of 
this  class,  reporting  9  wage  earners  and  products  valued  at  $59,000,  and  for  1914,  29  such 
establishments,  with  36  wage  earners  and  products  to  the  value  of  $77,000,  are  included 
in  all  items  with  the  exception  of  "number  of  establishments." 

2  Value  of  products  less  cost  of  materials. 
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SYNOPSIS:  A  survey  of  the  general  subject  of  important  lighting:  features  of 
the  United  States  Government  Lighthouses  and  allied  lighted  beacons  used  in  naviga- 
tion is  presented.  The  author  discusses  the  problems  of  geographical  and  optical  range 
of  the  lights;  the  optical  systems  peculiar  to  the  service  and  their  classifications;  the 
light  sources;  the  supporting  structures;  and  the  historical  features  in  brief  that  are 
necessary  to  set  forth  a  complete  and  fundamental  survey  of  this  little-known  subject. 

The  paper  offers  a  record  of  progress  to  date,  and  indicates  some  of  the  recent 
developments  that  have  come  about  by  virtue  of  applications  of  incandescent  lamps, 
replacing  gas  and  oil  burners. 

Along  the  forty-seven  thousand  miles  of  the  United  States  lake, 
river  and  sea  coasts,  are  maintained  over  sixteen  thousand  aids  to 
navigation.  Here,  and  in  other  countries,  the  safety  of  navigation 
and  the  maritime  commerce  depends  upon  these  day  and  night 
beacons,  and  because  of  their  vital  necessity  to  shipping  and 
through  the  human  interest  that  attaches  to  the  picturesque, — 
often  lonely,  usually  unfamiliar,  always  heroic — service  of  the 
lights,  nearly  everyone  will  find  the  subject  engrossing. 

In  1903  the  Department  of  Commerce  assumed  charge  of  all 
navigation  aids  (formerly  under  the  Treasury  Department),  and 
now  this  Department  designs,  installs  and  maintains  all  equip- 
ment under  the  Bureau  of  Lighthouses. 

The  scarcity  of  data  and  printed  information  bearing  upon  the 
Lighthouse  Service  leads  to  a  brief  presentation  here  of  some 
engineering  fundamentals,  and  the  interjection  of  a  few  bits  of 
history,  in  order  to  attain  to  a  broader  conception  of  the  problems 
and  the  accomplishments. 

•A  paper  presented  at  the  annual  convention  of  tho  llluiniiKitiiiK  Engi- 
neering  Society,    Swampscott,    Nfasn.,    September   25-28,    1922. 

••Illuminating   Engineer,    Wrstinghouse    Lamp   Company;    Cnpt.    Engrs..    R.    C. 

The  Illuminating  Engineering  S()ei<-ty  ia  not  responsible  for  the  .statements  or 
opinions    advanced   by   contributors. 
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In  192 1  there  were  in  service  in  the  United"  States 

Lights,  other  than  minor    i,86o 

Light  vessel  stations 49 

Rehef  Hght  vessels 14 

Lighted  buoys 629 

Total  lighted  beacons 5,756 

Fog  signals 545 

Bell  and  whistle  buoys 362 

Other  buoys 7,i93 

Total  aids 10,356 

Travelers  to  Great  Britian  are  familiar  with  the  great  Eddy- 
stone  Lighthouse,  one  of  the  first  of  such  towers  built  in  the 
ocean,  and  which,  curiously  enough  was  lighted  with  twenty- 
four  tallow  candles  as  late  as  181 1.  On  our  shores  the  first  per- 
manent lighthouse  was  erected  near  Boston,  on  Beacon  Island, 
in  1716.  The  light  was  produced  by  oil  lamps ;  later  by  the  mul- 
tiple-wick Argand  burners  and  parabolic  reflectors  in  181 1; 
finally  with  a  100,000  cp.  revolving  Fresnel  lens  in  1859. 

When  the  United  States  Government  was  organized,  in  1789, 
ten  lights  were  taken  over  from  the  Colonies,  and  their  improve- 
ment grew  with  the  purchase,  in  18 12,  of  the  patent  rights  to  use 
"reflecting  and  magnifying  lanterns,"  interpreted  to  mean  Argand 
burners,  parabolic  reflectors  and  solid  bulls-eye  lenses.  Now  the 
engineer  finds  in  the  first  order  lights  a  lens  mechanism  that 
typifies  the  highest  degree  of  applied  illuminating  engineering, 
and  the  recent  applications  of  incandescent  filament  lamps  to 
these  lenses  makes  the  following  discussions  of  design  and  per- 
formance particularly  timely. 

THE  GEOGRAPHICAL   RANGE 

In  general  two  factors  limit  the  distance  at  which  a  light  at 
sea  is  visible ;  one  is  the  luminous  intensity  and  color  of  the 
source,  or  the  condition  of  the  atmosphere  which  governs  the 
observer's  judgment  of  this  factor,  and  the  other  is  the  eclipsing 
of  the  light  by  the  curvature  of  the  earth. 

It  might  seem  that  this  latter  distance  would  be  easy  to  esti- 
mate and  would  be  represented  by  the  length  of  a  right  line  from 
the  source  of  light,  tangent  to  the  surface  of  the  ocean.  Re- 
ferring to  Figure  i,  this  theoretical  geographical  range  would 
be  the  distance  "Lr"  or  the  very  nearly  equivalent  distance  "Pr," 
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and  would  be  represented  by  the  expression,  V^RH  -f-  H^. 
In  actual  service  the  luminous  rays  from  any  light  would  traverse 
the  atmosphere,  coming  in  contact  with  strata  of  air  whose  density 
diminishes  in  proportion  to  their  elevation,  or  changes  in  pro- 
portion' to  water  vapor  and  dust  content.  The  rays  suffer  suc- 
cessive refractions  and  consequently  follow  curved  paths  which 
are  concave  downward  and  have  the  eft'ect  of  increasing  the 
theoretical  geographical  range,  which  on  this  account  becomes, 
as  in  Figure  i,  "Pn."  The  beam  of  light  for  such  a  range  would 
be  directed  along  the  line  'XX"  making  an  angle  "a"  with  the 
horizontal  plane  through  the  light. 


Fig.   I. — The  geographical  range  of  a  light. 


For  any  one  position  the  atmospheric  refraction  will  change 
with  the  seasons,  the  hours,  and  the  mctcrological  conditions, 
but  for  an  approximate  average  the  range  "D"  may  be  calculated 

from  the  formula,  D  =  \j^^ 

^0.42 


where  "11"  may  be  taken  as 
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the  height  of  the  source  above  mean  low  tide  (In  European 
Countries,  height  above  high  tide)  and  "R"  the  radius  of  earth's 
curvature.  This  formula  enables  the  determination  of  the  dis- 
tance "Pn."  If  the  eye  of  the  observer  is  placed  at  a  height  "h" 
above  the  sea,  the  distance  "Ph"  or  the  maximum  possible  geo- 


graphical range  becomes  \/— -—  +    \        •  Obviously 

*o.42  ^0.42 

the  beam  should  not  be  projected  horizontally  and  neither  should 

it  be  projected  at  an  angle  as  large  as  "b."     Table  I  gives  the 

calculated  geographical  ranges  using  the  above  formula.^ 

Along  the  sea  coasts  and  across  large  spaces  of  open  water, 
the  beam  intensities  of  many  of  the  larger  lights,  say  of  the 
first  order,  are  of  sufficient  candlepower  to  penetrate  ordinary 
atmosphere  to  a  greater  distance  than  the  geographical  range. 
It  becomes  therefore  a  question  of  deciding  the  height  of  the  sup- 
porting structure  in  order  to  insure  a  geographical  range  suf- 
ficient to  have  the  light  visible  at  a  maximum  distance  that  would 
be  useful  to  the  navigator.  It  is  easily  conceivable  that  certain 
fixed  lights  would  gain  nothing  by  reason  of  elevation.  In  fact 
the  geographical  range  increases  very  slightly  with  increments  of 
height,  and  in  cases  like  the  original  San  Diego  light,  422  feet 
above  the  sea,  the  obscuring  of  the  light  by  fogs  at  higher  levels 
may  be  seriously  detrimental. 

It  is  also  interesting  to  note  that  some  illumination  of  the  areas 
close  to  the  base  of  the  lighthouse  is  desirable  in  numerous 
cases  and  one  instance  of  this  sort  is  found  at  the  (157  feet  high) 
Cape  Henry  Light  Station.  Where,  as  at  this  station,  an  im- 
portant channel  is  relatively  close  to  the  base  of  the  light  and 
where  a  fairly  good  foreground  illumination  is  desired  at  a 
distance  of  not  less  than  2,000  feet  (neglecting  atmospheric  re- 
fraction at  this  range)  it  would  seem  desirable  to  have  the  bot- 
tom edge  of  the  beam  make  an  angle  of  about  4  degrees  5 
minutes  with  the  horizontal  plane  through  the  light.  This  will 
represent  the  angle  "b"  in  Figure  2. 

Mariners  are  concerned  with  the  geographical  range  and  with 
the  height  of  the  light  because  when  they  know  their  own  eleva- 
tions above  the  sea,  likewise  the  height  of  the  light  that  becomes 

1  Mariners  often  use  a  simplified  form  of  this  formula,  wliere  D  =  8/.  Jh,  "H"  being 
in  feet  and  "D"  in  navitical  miles. 


Fig.   2. — Conception   of   beam   divergence. 
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Fig.    4.— Illustrating    the    types    of    light    control. 
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visible  when  just  rising  out  of  the  sea,  they  are  able  from  Table 
I,  to  estimate  their  distance  off  shore.  Land-fall  lights  hence 
should  penetrate  to  the  limits  of  the  geographical  range. 

THE  OPTICAI,  OR  IvUMINOUS  RANGE 

Were  it  not  for  the  curvature  of  the  earth  as  explained,  the 
maximum  visible  range  of  a  light  would  depend  on  its  beam 
candlepower,  but  even  more  upon  the  opacity  of  the  atmosphere. 

Particularly  along  the  sea  coasts,  one  finds  considerable  varia- 
tion in  the  air's  water-vapor  content,  and  many  localities  are  sub- 
jected to  severe  fog  conditions.  Consequently  the  luminous 
range  for  times  of  greatest  need  often  becomes  less  than  the 
geographical  range  and  less  than  a  desirable  or  safe  range. 

Early  designers  of  lighthouse  apparatus  estimated  the  theoreti- 
cal maximum  range  of  visibility  upon  the  theory  of  rays  trans- 
mitted through  a  vacuum,  and  having  ranges  proportional  to 
the  square  root  of  the  source  intensities.  For  example,  a  fixed 
light  having  a  beam  intensity  of  9.8  candlepower  was  seen  on  an 
exceptionally  clear  night  at  a  distance  of  ten  kilometers  and  it  was 
therefore  estimated  that  a  neighboring  light  of  6,174  candlepower 
intensity  should  be  visible  251  kilometers.  The  above  assump- 
tions and  calculations  cannot  be  found  true  in  practice,  even 
admitted  that  one  observer's  visual  acuity  would  not  differ  ma- 
terially from  another's.  In  point  of  fact,  long  years  of  training 
in  maritime  service  increase  the  acuteness  of  vision  and  enable 
mariners  under  fog  conditions  to  estimate  with  fair  accuracy 
what  intensities  and  what  color  changes  they  might  expect  in 
any  known  white  light. 

Experiments  made  of  atmospheric  transmission  of  the  sun's 
rays  from  the  zenith-  indicate  that  the  following  approximate 
figures  hold : 

Wave-length  in  microns  Percentage  transmitted 


0.40  Violet  47.5 

0.45  55.3 

0.50  Yellow  62.4 

0.60  68.2 

0.70  75-6 

0.80  Red  80.1 

^  Astro  physical  Journal,  Vol.    19. 
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Other  experiments  with  electric  searchlight  beams  gave  re- 
sults as  shown  in  Figure  3.  In  Table  II  are  recorded  the  lumi- 
nous ranges  of  oil  vapor  lights  of  varying  candlepower  but  of 
constant  color  as  reported  by  the  French  Lighthouse  Service. 

A  theoretical  way  of  arriving  at  a  determination  of  the  lumi- 


nous range  would  be  through  the  use  of  the  formula 


La^ 


--=  t. 


Here  "a"  =  that  fraction  of  received  light  passing  through  an 
atmosphere  of  unit  distance;  "t"  =  the  smallest  intensity  of  light 
at  imit  distance,  which  an  observer  can  see  through  the  clearest 
air;  "x"  =  the  range;  'X"  =  candlepower  of  source.  The 
coefficients  "a"  and  "t"  must  be  determined  experimentally. 
Starting  with  full  moonlight,  one  experimentor  determined  a 
value  for  "a"  equivalent  to  0.973  or  in  other  words  a  certain 
kilometer  of  calm  atmosphere  on  a  clear  night  would  absorb  ap- 
proximately 3  per  cent  of  the  initial  light.  A  number  of  years 
ago  the  French  Lighthouse  Board  determined  the  value  of  "t" 
to  be  equal  to  o.oi.  The  following  Table  II,  is  a  summary  of 
some  of  the  above  mentioned  observations  and  are  of  value 
chiefly  in  indicating  rough  approximations. 


TABLE  II. — Luminous  Range — White  Light. 
From  Observations  of  the  French  Lighthouse  Service. 


C.  p.  of 

Nautical 

miles 

C.   p.  of 

Nautical 

1  miles 

source 

Clear  air     M 
1-5 

isty  air 
1.2 

source 

Clear  air 
14.3 

Misty  air 

0.9 

990 

^  7.4 

2.7 

2.3 

1.8 

1.350 

15-3 

7.8 

5.4 

31 

2.3 

2,250 

16.9 

8.5 

9.0 

37 

2.6 

3.600 

18.4 

91 

13-5 

4.3 

2.9 

5.400 

19.8 

9.6 

18.0 

4.8 

3-2 

9,000 

21.6 

10.3 

27.0 

5.5 

3-5 

13.500 

233 

10.9 

36.0 

6.0 

3.8 

27,000 

257 

1 1.9 

54-0 

6.8 

4.2 

36.000 

26.7 

12.2 

72.0 

7.4 

45 

45,000 

27.6 

12.6 

90.0 

7-9 

47 

63,000 

28.9 

130 

if>8.o 

8.3 

4.9 

()0,000 

30.2 

13.6 

I3SO 

8.9 

51 

135,000 

31.9 

14. 1 

1800 

9.6 

5-4 

I98,(K)0 

33-3 

147 

225.0 

10. 1 

57 

270,000 

347 

152 

270.0 

10.6 

5-9 

360,000 

35.8 

15.6 

3150 

II. I 

6.1 

54o.(xx) 

37-5 

16.2 

3600 

11.4 

6.2 

7J(),ooo 

38.6 

16.6 

450.0 

12.0 

6.5 

«XX),OtK) 

39.6 

17.0 

540.0 

125 

6.7 

i,8()<),(xx) 

42.5 

18.0 

630.0 

130 

6.9 

2,7tK),(XW 

443 

187 
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Evident  from  Table  II,  and  as  verified  by  practical  experience, 
it  is  extremely  difficult  to  materially  increase  the  luminous  range 
through  fog  by  increasing  the  beam  candlepower.  Observers 
agree  that  the  increase  of  visible  range  through  heavy  fog  becomes 
very  gradual  when  getting  into  higher  candlepowers. 

Along  our  Pacific  coast  the  fogs  -are  particularly  troublesome. 
The  Point  Arena  light,  north  of  San  Francisco,  with  its  38o,cxx) 
cp.  beam,  is  the  maximum  for  that  district. 

Considering  luminous  range,  or  beam  candlepower  the  re- 
volving flashing  lenses,  by  virtue  of  beam  concentration,  have 
the  advantage  over  the  fixed  (360  degree)  lights.  For  example 
the  Seguin  (Maine)  fixed  light,  first  order,  is  rated  22,000  cp. 
American  Shoal  (Florida)  twenty- four  panel  first  order,  has 
80,000  cp. ;  Hecta  Head  (Oregon),  eight  panel  first  order,  170,000 
cp. ;  and  Molokai  (Hawaii)  two  panel  second  order  is  rated 
620,000  beam  candlepower. 

Measuring  the  beam  candlepower  of  a  large  lens  is  not  an  easy 
matter.  There  are  nodes  in  the  beam,  and  the  inverse  square  law 
based  upon  foot-candle  illumination  of  a  target  does  not  hold.  One 
method  of  approximation  is  as  follows : — 

Let  L  =  beam  candlepower,  average 

B  =  intrinsic  brilliancy  of  source,  in  cp.  per  sq.  cm. 

W  =  effective  width  of  source  in  the  focal  plane,  in  cm. 

H  =  effective  height  of  lens,  in  cm. 

C  =  lens  efficiency,  roughly  66  per  cent,  without  reflectors 
Then  L  =  BxWxHxC  for  fixed  lenses. 

For  revolving  (bulls-eye  or  bivalve  lenses),  substitute  for 
W  x  H  in  this  formula,  the  factor  "A,"  =  area  in  sq.  cm.  of  the 
light  projected  on  a  plane  perpendicular  to  the  optical  axis. 

Vertical  divergence,  "a"  of  beam  is  calculated  from  the  equa- 
tion. 

Tan  a/2  =   — =-     ,  where  **h"  =  height  of  source  and  "F"  = 
2F 

focal  distance. 

Horizontal  divergence  "b,"  is  found  from  the  equation 

w 

Tan  b/2  =    — :iT-    ,  where  "\v"  =  width  of  source. 
/  2F 
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Range  lights,  as  used  along  a  channel  may  blend  on  account  of 
irradiation  if  they  possess  similar  characteristics.  Experiments 
indicate  that  first  order  lights  must  be  separated  by  a  visual  angle 
of  about  15  minutes  in  order  to  be  seen  as  distinctly  separate 
sources. 

Associated  with  the  optical  range  is  the  question  of  atmos- 
pheric changes  in  color  of  the  original  light  and  it  is  common 
knowledge  that  greens  and  blues  are  not  satisfactory  for  light- 
house service.  The  ordinary  action  of  water  vapor  is  to  redden 
the  original  white  source,  i.  e.,  absorbing  the  short  wave-lengths, 
and  it  seems  advisable  to  have  a  light  with  initially  as  good  a  white 
color  quality  as  possible, — much  whiter  in  fact  than  the  oil  flame 
burners  of  the  Argand  type, — in  order  not  to  have  these  yellowish 
sources  confused  on  foggy  nights  with  the  distinctly  red  beacons. 
It  has  been  roughly  estimated  that  the  beam  candlepower  of  a 
fixed  light  of  the  first  order  having  an  oil  vapor  incandescent 
mantle  source,  is  reduced  by  60  per  cent  on  account  of  the  red 
panes  of  glass  in  the  outer  lantern.  In  the  case  of  the  incan- 
descent lamp  source  in  the  Cape  Henry  Light  referred  to  else- 
where, it  is  estimated  that  the  beam  candlepower  in  the  red  sec- 
tor will  be  30  per  cent  of  that  in  the  white  sector. 

THE  OPTICAL  SYSTEMS 

The  light  from  the  original  source  is  re-directed  or  controlled 
by  one  of  three  general  reflecting  or  refracting  systems,  or  by  a 
combination  of  them. 

Where  the  light  is  reflected  from  a  polished  surface  as  in  the 
case  of  Figure  4-C,  the  control  is  known  as  the  Catoptric  system. 
In  the  early  lights  the  spherical  metal  mirrors  were  used  which 
later  developed  into  metal  and  then  silvered  glass  paraboloids 
generated  by  revolving  a  parabola  about  its  horizontal  axis. 
These  catoptric  reflectors  so  obtained  are  designated  as  "photo- 
phores"  and  were  used  with  the  oil  flame  or  the  Argand  burners. 
They  developed  into  groups  as  illustrated  by  Figure  5.  Ob- 
viously such  combinations  were  serviceable  for  flashing  or  rotat- 
ing lights  but  not  generally  satisfactory  for  fixetl  lights  illuminat- 
ing the  entire  horizon. 

For  the  latter  service  there  was  employed  the  Catoptric  system 
having  the  reflecting  surface  generated  by  revolving  a   parabola 
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Fig.   5. — An  early  rotating  catioptric  mechanism. 


around  the  vertical  axis  passing  through  its  focus.  This  is 
known  as  the  ''sideral"  type.  Figure  4-E,  illustrates  the  shape 
from  which  it  will  at  once  be  seen  that  a  large  loss  of  light 
occurs  in  the  wide  angle  *'MON."  Many  of  the  Catoptric  systems 
are  still  being  used  as  for  range  lights,  or  in  combinations  with 
refracting  lenses. 

The  second  system  known  as  the  Dioptric,  involves  the  re- 
fracting of  the  light  rays  by  transmission  through  glass  prisms 
and  is  represented  by  Figure  4-D.  The  cylindrical  shaped  lenses 
of  the  lower  orders  and  the  central  bands  of  the  higher  order 
lenses  as  illustrated  by  Figure  4-B,  operate  on  the  dioptric  princi- 
pal. 

Where  refraction  and  reflection  both  occur,  one  has  the 
Catadioptric  system,  Figure  4-A,  which  in  practice  is  found  in  the 
upper  and  lower  ring  prisms  of  the  lights  of  the  higher  orders. 

Various  systems  of  control  may  be  better  understood  by  ref- 
erence to  Figure  6,  showing  units  that  embody  all  three  systems. 
These  drawings  form  a  valuable  record  of  progress  in  light  con- 
trol apparatus. 
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Reference  to  Figure  7,  shows  a  first  order  lens  of  the  fixed 
Hght  type  with  the  central  dioptric  band  and  upper  and  lower 
catadioptric  prisms.  In  designing  lenses  for  the  flashing  lights 
as  made  up  to  this  date,  the  section  of  the  prism  of  Figure  4-A,  is 
rotated  around  the  axis  "FI,"  to  generate  a  ring  prism,  and  the 
lenses  built  with  similar  concentric  prisms  are  such  as  the  Bivalve 
type. 

Lens  systems  are  classified  according  to  the  focal  length,  and  as 
listed  in  Table  III. 
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Fig.  7. — First  Order  lens  artd  lantern,  with  Argand  burner. 
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TABLE  III. — C1.ASSIFICAT10N  OF  Optical  Apparatus,  Dioptric 

AND  CaTADIOPTRIC  LENSES. 


Order  or 

Focal  distance 

lyCns  characteristics 

diameter 

Millimeters 

Inches 

Height 
Diop. 

in  mm. 
Catadiop 

Number 
Diop. 

of  rings 

Catadiop 

Hyper-Radial 

1,330 

52.36 

— 

— 

— 

— 

Meso-Radial 

1,125 

44-19 

— 

— 

— 

— 

First  Order 

920 

36.22 

— 

— 

— 

— 

Second  Order 

700 

27.56 

— 

— 

— 

— 

Third  Order,  regular 

500 

19.68 

— 

— 

— 

— 

Third   Order, 

middle 

400 

1575 

795 

1,140 

17 

4-S^ 

Third    Order, 

small 

375 

14.76 

— 

— 

— 

— 

Fourth    Order, 

large 

300 

11.81 

— 

— 

— 

— 

Fourth  Order, 

regular 

250 

9.84 

509 

700 

II 

0-6-8 

Fifth  Order 

187.5 

7.38 

378 

490 

II 

0-5^ 

Sixth   Order 

150 

5-90 

245 

370 

9 

0-4-7 

200  Mm. 

— 

— 

165 

— 

7 

— 

150   Mm. 

— 

— 

156 

— 

II 

— 

140  Mm. 

— 

— 

135 

— 

5 

— 

105  Mm. 

— 

— 

105 

— 

5 

— 

The  first  catadioptric  or  Fresnel  lens  in  the  United  States  was 
placed  at  the  Navesink  Light  on  the  New  Jersey  Highlands  in 
1841.  In  1891  this  was  replaced  by  a  first  order  Bivalve  with 
an  electric  arc  for  the  Hght  source  and  up  to  this  time  this  is  the 
only  operating  first  order  light  using  electric  current  for  the  pri- 
mary source,  and  having  its  own  self-contained  generating  plant. 
The  maximum  beam  intensity  has  been  estimated  at  25  million 
candlepower. 

A  typical  fixed  first  order  lens  is  in  the  familiar  yellow  and 
black  Absecon  lighthouse  tower  of  Atlantic  City,  which  was  built 
in  1854  by  L.  Sautter  et  Cie. 

The  design  and  manufacture  of  the  larger  order  lenses  is  a 
matter  of  extreme  engineering  accuracy  and  was  not  undertaken 
in  this  country  until  about  1910.  Previous  to  that  time  the  ma- 
jority of  lenses  were  manufactured  in  France  and  were  so  well 
made  that  many  of  them  are  still  giving  excellent  service.  The 
French  glass  was  of  excellent  quality,  known  as  the  Saint  Gobain 
glass  with  a  refraction  index  of  about  T.55,  and  of  approximately 
the  following  formula : 


SiHca 

v^odium  carbonate 
Chalk    (lime) 
Various  alumina 


72.0  per  cent 

12.2  per  cent 

15.7  per  cent 

0.1  per  cent 
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Fig.  8.- — Focal  point  test  of  parabolic  mirrors. 
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American  lenses  and  mirrors  are  now  manufactured  of  equal 
if  not  greater  superiority  to  any  others  available.  Some  idea  of 
mirror  accuracy  may  be  gained  from  the  photograph  of  the 
focal  point,  Figure  8.  The  dimensions  of  typical  parabolic  sil- 
vered glass  mirrors  are  given  in  Table  IV. 

It  may  be  interesting  also  to  note  that  most  of  the  earlier 
imported  French  lenses  were  designed  for  a  much  larger  light 
source  than  will  be  found  in  practice  with  the  electric  incandes- 
cent or  arc  lamp.  Consequently  a  concentrated  light  source  will 
not  operate  successfully  in  the  larger  order  Fresnel  lenses  and 
some  means  must  be  provided  with  these  old  lenses  of  increasing 
the  area  of  the  source.  Reference  to  Figure  9  will  illustrate  how 
in  one  case  a  spherical  mirror  is  placed  beneath  the  source,  to 
reflect  on  to  the  upper  catadioptric  rings. 

A  clearer  conception  of  the  characteristics  of  fixed  and  rotating 
flashing  beams  may  be  obtained  from  Figure  10  where  the  bottom 
figures  represent  horizontal  sections,  and  the  upper  figures  an 
idealized  or  developed  representation  of  the  projected  light. 

THE  LIGHT  SOURCES 

Three  general  types  of  light  sources  are  now  found  in  light- 
houses and  light  beacon  service.  The  oil  flame  wick  burners  re- 
main in  minor  locations,  which  for  the  more  intense  lights,  have 
the  multiple  wicks  similar  to  Figure  11  and  thus  operated  on  the 
principle  of  the  Argand  burner.  The  incandescent  mantle  burners 
are  quite  numerous,  using  either  acetylene  gas  or  vaporized 
kerosene,  but  the  most  common  is  the  open  flame  acetylene  burner. 

Many  of  our  first  order  lights  are  equipped  with  the  so-called 
I.  O.  V.  Burners  which  have  a  special  fabric  mantle  about  5 
inches  high  and  13^  inches  in  diameter.  The  oil  is  mixed  with 
air  at  a  pressure  of  about  70  pounds  and  the  carburetted  vapor 
is  conducted  through  a  tube  over  the  top  of  the  mantle,  thus 
supplying  preheated  fuel  that  allows  of  a  very  economical  source. 
These  I.  O.  V.  burners  have  at  least  eight  to  ten  times  the 
brilHancy  of  the  brightest  Argand  burner  and  in  one  common 
type  are  rated  at  84  cp.  per  sq.  cm.  An  average  figure  of  fuel  con- 
sumption may  be  taken  from  the  records  of  the  Sandy  Hook 
Light  which  averages  less  than  one  gallon  of  kerosene  per 
candlcpower  per  year. 
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The  incandescent  mantles  for  the  I.  O.  V.  lights  give  good  but 
short  service  and  may  have  a  life  of  almost  any  length,  but  seldom 
exceeding  thirty  days  average  service.  Their  renewal  is  a  fair 
item  of  cost  but  the  greatest  objection  to  the  I.  O.  V.  source  is 
the  cleaning  of  the  mechanism,  the  manual  operation  of  the  air 
compressor,  the  necessity  when  starting  the  light  of  generating 
by  heating  with  a  separate  blow  torch,  and  the  nuisance  of  hand- 
ling and  supplying  oil  to  a  reservoir  in  the  lantern. 

As  may  be  noted  from  the  preceding  section,  the  first  order 
lenses  were  mostly  designed  for  the  oil  flame  burners  and  hence 
will  not  operate  successfully  if  the  original  size  of  light  source 
be  greatly  changed.  Especially  in  the  vertical  dimension  the 
size  of  the  I.  O.  V.  incandescent  mantle  is  sufficiently  great  to 
secure  the  proper  beam  divergence. 

A  few  light  sources  consume  Pintsch  gas  in  a  small  inverted 
mantle,  but  for  rough  service  such  as  on  a  light  buoy,  the 
mantles  will  not  survive  and  the  most  common  source  is  the 
flat  flame  lava  tip  acetylene  burner.  These  are  found  singly  or 
in  groups  up  to  fifteen.  A  two-flame  acetylene  burner  with  pilot 
is  rated  at  about  fifty  liters  (1.75  cu.  ft.)  per  hour  and  the  most 
common  single  lava  tip  burners  with  pilot  consume  from  eight 
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Fig.    II. — The  Argand  type,   multi-wick  burner. 


to  thirty  liters.  An  automatic  valve  forms  a  part  of  the  acetylene 
burner  which  can  be  timed  for  any  speed  or  duration  of  flashes 
that  may  be  wanted. 

The  most  recent  application  of  electricity  to  the  lighthouse 
service  consists  in  the  installation  of  the  1,000-watt,  multiple, 
no- II 5  volt  Mazda  lamp  as  shown  by  Figure  9.  The  advantage 
of  this  source  lies  chiefly  in  its  better  color  and  in  the  greater 
beam  candlepower,  as  well  as  in  the  case  of  control  and  super- 
vision. The  Cape  Henry  Light  at  this  date  is  being  so  equipped, 
and  the  views  of  Figure  12  show  at  the  left  the  I.  O.  V.  burner, 
and  at  the  right  the  electric  lamp  that  replaces  it.  Indications  are 
that  the  incandescent  lamp  will  suj^ply  a  satisfactory  source  of 
light  for  many  of  the  first  order  lighthouses. 

Acetylene  will  probably  continue  to  supply  the  light  for  most 
of  the  buoys  and  for  a  number  of  the  light  vessels.  However  the 
100-150-watt  no-volt  G-25  bulb  concentrated  filament  incandes- 
cent lamp  is  being  successfully  used  for  this  service. 
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Where  the  large  incandescent  electric  lights  are  to  be  given  a 
flashing  characteristic,  an  ordinary  sign  flasher  driven  by  a  one- 
eighth  horsepower  motor  is  being  installed  and  may  be  easily 
set  for  any  characteristic,  such  for  example  as  the  new  Cape 
Henry  I^ight,  which  will  flash  as  follows : 

one  second  on;  two  seconds  off; 

one  second  on;  two  seconds  off; 

seven  seconds  on;  seven  seconds  off. 

The  seven  second  flash  period  is  useful  in  allowing  mariners  to 
take  observations  and  to  see  foreground  illumination.  Tests  on 
the  1, 000- watt  lamps  show  no  unusual  reduction  in  life  on  account 
of  alternate  heating  and  cooling.  The  filaments  require  about 
two  seconds  to  cool  to  darkness. 

I^IGHT    HOUSES — GEJNERAI,    CONSTRUCTION 

The  structural  details  of  the  support  for  any  beacon, — its 
height,  freedom  from  vibration,  storage  space  for  apparatus  and 
materials,  and  day-time  visibility, — are  so  closely  connected  with 
the  performance  and  service  of  the  light  that  a  brief  discussion 
of  the  supporting  structures  is  justified. 

The  height  of  lighthouse  towers  in  this  country  has  been  de- 
termined upon  the  basis  of  securing  the  necessary  geographical 
range,  though  not  exceeding  a  reasonable  degree  of  solidity  nor 
placing  the  light  at  a  height  where  it  might  be  obscured  by  high 
strata  of  changeable  atmosphere.     Cape  Hatteras  I^ight,  Figure 

13,  193  feet  above  the  sea  is  the  tallest  lighthouse  in  this  country. 
Cape  Henlopen,  the  first  tower  built  by  the  United  States,  in 
1790,  is  165  feet  high  and  Tillamook  Rock  Light  near  the  Colum- 
bia River  mouth  is  133  feet.  At  exposed  stations  the  waves 
have  been  known  to  injure  the  lanterns,  and  glass  panes  in  the 
latter  lantern  have  been  broken  during  severe  storms. 

Daytime  visibility  of  a  lighthouse  tower  is  increased  by  a 
species  of  camouflage  marking  as  illustrated  by  Figures  13  and 

14.  Wonderful  engineering  skill  has  been  shown  in  developing 
lighthouse  structures,  and  the  illuminating  engineer  will  be  in- 
terested in  examples  as  Figures  15  and  16  which  are  self-ex- 
planatory of  the  variety  in  construction.  Examining  such  draw- 
ings as  Figures  17  and  18  which  illustrate  respectively  the  French 
Lighthouse  of  Triagoz  and  of  Cordouan,  will  afford  better  ideas 


Fig.    12. — The  old  and  the  new  light  sources  in  Cape  Henry  Light. 
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Fig.    15. — Cobbs  Point  Bar,  Potomac  River,  with  oil  burner,  rated  490  cp.,  in 
white,   and    150   cp.   in   red   sectors. 


Fig.  16. — Cape  Charles,  with  I.  O.  V.  130,000  cp.  light,  visible  20  miles.     "Old  45," 
ftashing  that  cycle. 
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Fig.    17. — The    Lighthouse   of   Triagoz. 


Fig,   18. — The  Lighthouse  of  Cordouan. 


of  the  skill  and  engineering  expended.  This  latter  light  was 
built  originally  in  the  year  161 1  at  the  mouth  of  the  Gironde 
river  on  the  French  sea  coast,  and  had  the  first  Fresnel  lens, 
installed  in  1823.  These  and  similar  structures  embody  grace  and 
harmony,  but  from  the  engineering  standpoint  they  also  typify 
the  results  of  centuries  of  lighthouse  progress  and  are  examples 
of  the  highest  type  of  building  that  man  has  erected  against 
destructive  elements. 

Excessive  vibration  of  the  towers  must  be  guarded  against 
in  order  to  protect  the  clock-work  machinery  and  especially  the 
receptacles  of  mercury  in  which  the  larger  flashing  lenses  are 
floated  and  rotated. 

Lighthouse  history  is  full  of  engrossing  records  of  tower  and 
lantern  construction.  One  of  the  most  severe  problems,  and  one 
such  example  of  hazardous  building  is  the  Minots  Ledge  Light 
six  miles  southeast  of  Boston  Harbor,  whose  placement  is  con- 
sidered to  represent  the  most  difficult  engineering  feat  in  the 
world. 
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Fig.   19. — Major  lights,  Cape  Ann  to  Cape  Henlopen. 

An  exceptionally  interesting  item  of  lantern  construction  is 
found  where  the  first  order  lenses  are  protected  by  cylindrical 
glass  housings  lo  to  15  feet  in  diameter  and  equally  as  high.  The 
outer  glass  panes  are  sometimes  of  red  glass,  or  the  clear  crystal 
panes  are  overlaid  with  colored  panes  to  form  colored  sectors. 
In  frequent  cases  like  that  of  the  familiar  Absecon  light  at 
Atlantic  City,  a  strong  screen  wire  must  be  provided  to  protect 
these  panes  from  birds  and  water  fowl.  Curtains  must  be  drawn 
on  the  interior  of  the  lantern  to  prevent  the  sun's  rays  from 
entering  through  the  lense  and  destroying  the  light  source  when 
at  sunrise  and  sunset  the  light  would  be  focused  within  the 
lenses.  The  lanterns  must  be  wind-tight  to  prevent  drafts  around 
the  source,  or  windmill  action  on  rotating  lenses. 
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The  ultimate  endeavor  on  important  sea  coasts  is  to  place  the 
larger  lights,  or  the  landfall  lights,  on  all  important  headlands. 
Along  the  most  of  the  Atlantic  Seaboard  in  fair  weather,  there  is 
always  in  view  a  first  order  light,  and  the  circles  of  visibility 
overlap  as  seen  by  Figure  19.  The  same  thing  applies  to  the 
Pacific  Coast  with  the  exception  of  three  short  intervals. 

LIGHTSHIPS 

Anchored  on  important  shoals  and  in  positions  where  fixed 
beacons  cannot  be  maintained,  the  Lighthouse  Service  maintains 
the  lightships  such  as  illustrated  in  Figures  20  and  21. 

The  general  illumination  problems  met  here  are  quite  similar 
to  those  of  the  fixed  shore  lights  as  regards  geographical  and 
optical  range,  but  in  addition  possess  further  characteristics  not 
unlike  those  of  the  lighted  buoys.  A  lightship  is  built  unlike  any 
other  supporting  structure.  Neglecting  all  of  the  interesting  de- 
tails of  marine  design,  and  from  which  are  evolved  a  ship  that 
can  outride  the  roughest  storms  in  the  most  exposed  positions 
and  which  affords  permanent  living  quarters  for  a  crew  of  per- 
haps fifteen  men,  we  may  nevertheless  note  that  from  the  stand- 
point of  the  stability  of  the  light,  these  vessels  are  unexcelled  for 
their  particular  function.  For  example  their  length  (130  feet 
more  or  less)  their  displacement,  and  beam,  are  chosen  to  mini- 
mize the  pitch  and  the  roll,  and  the  center  of  gravity  is  at  just 
the  proper  distance  below  the  metacenter  to  afford  the  most 
even  keel  and  yet  avoid  the  shocks  and  the  whipping,  thrashing 
action  of  the  super-structure. 

Cylindrical  lenses,  ordinarily  of  the  300,  375  or  500  mm.  size, 
singly  or  in  pairs,  are  carried  at  the  mast  heads,  perhaps  40  feet 
above  the  deck.  Naturally  this  weight  (600-900  pounds)  must  be 
carefully  accounted  for,  and  furthermore  the  more  severe  the 
roll  of  the  ship,  the  wider  must  be  the  vertical  beam  divergence 
in  order  to  secure  illumination  of  the  horizon  at  all  times. 

Most  of  the  light  vessels  are  equipped  with  fixed  lens  systems, 
i.  e.,  without  rotating  mechanism,  and  supply  flashing  or  fixed 
white  or  red  lights.  The  acetylene  flame  is  the  light  source  in  the 
majority  of  cases,  the  incandescent  mantles  not  having  been 
found  sturdy  enough  for  this  service.  I'Mashing  characteristics 
of  the  light  may  be  provided  by  the  automatic  gas  valves,  and 
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where  two  lights  are  operated  simultaneously,  a  synchronising 
mechanism  keeps  them  in  step. 

The  electrification  of  the  lightship  units  has  not  been  carried 
on  extensively,  even  though  the  ships  themselves  are  electrically 
lighted  and  have  self-contained  generating  systems.  The  new 
Diamond  Shoals  Light  Vessel  No.  105  for  example  has  in  addi- 
tion to  the  ships  generator  a  Delco  lighting  plant  in  duplicate 
and  a  6o-cell  lead  storage  battery  floating  across  either  generator. 
This  provides  iio-115-volt  service,  operating  usually  off  the 
storage  battery  during  the  night,  and  charging  during  daylight. 
As  yet,  however,  this  vessel  carries  a  480  cp.  1.25  cu.  ft  per 
hour  acetylene  flame  burner  in  the  375  mm.  lens. 

The  present  status  of  the  electrification  of  the  mast-head  lan- 
terns consists  in  the  use  of  a  standard  G-25  clear  bulb  Mazda  C 
stereopticon  lamp.  This  lamp  with  a  filament  approximately  6 
mm.  high  gives  a  rather  narrow  beam  and  developments  are 
under  way  to  provide  a  filament  source  about  12  mm.  in  vertical 
dimension,  thus  increasing  the  divergence  of  the  beam  by  per- 
haps 2^°.  The  lightships  have  not  so  far  been  found  to  re- 
quire an  electric  source  greater  than  about  1,500  or  2,000  lumens 
output.  However,  the  developments  of  an  improved  lamp  fila- 
ment arrangement  to  secure  longer  life  and  involving  wider  beam 
divergence  may  reduce  beam  candlepower  to  the  extent  of  call- 
ing for  wattages  above  150. 

The  cylindrical  or  barrel  lenses,  limited  to  comparatively  small 
diameters,  are  built  up  in  segments  or  reinforced  by  astragals. 
The  eclipsing  action  of  these  vertical  or  diagonal  astragals  would 
cause  dark  sectors  on  the  horizon  were  it  not  for  the  fact  that 
vertical  triangular  prisms  are  fitted  on  the  inside  of  the  astragals, 
to  deflect  the  radiated  light  into  the  sectors  of  the  adjacent  astra- 
gal. 

The  familiar  Nantucket  lightship  lying  200  miles  east  of  New 
York  City  was  the  first  anchored  beacon  on  the  Atlantic  Coast 
and  is  perhaps  in  the  most  exposed  position  of  any  lightship. 
Further  in  the  New  York  Harbor  the  Ambrose  Channel  Light- 
ship is  a  familiar  one  to  incoming  travellers  and  is  unique  in  that 
it  was  electrified  in  1894  with  a  60,000  candlepower  arc  lamp. 
Placing  a  light  on  Diamond  Shoal,  off  Cape  Hatteras,  has  long 


Fig.   20. — Winter-Quarter    L,ight    Vessel,   carrying   500   mm.    acetylene   flashing   light, 
600  cp.   visible    12   miles. 


\'\K-    -I.      Diamond    Slio.ils    Ijulu    V'lN.sti    i\«).    lo.s.   with   elictiio   iiuandcsoent    lamps, 
400  rp.  flashing  whili-,   visible    1  i    miles. 
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Fig.   22. — Types   of  buoys. 

A — Tall  nun  buoy,  B — Tall  can  buoy,  C — Nun  buoy,  D — Can  buoy,  E — Iron 
spar  buoy,  F — Wooden  spar  buoy,  G — Bell  buoy,  H"— I^arge  whistling  buoy,  I — Ga8 
buoy,  J — Gas  buoy. 


been  a  problem  to  navigation  and  it  was  not  possible  to  secure  a 
lightship  there  until  in  1897  Light  Vessel  No.  69  was  anchored 
with  900  feet  of  chain  in  about  30  fathoms  (183  feet)  of  water. 

UGHT  BUOYS  AND  MARKERS 

Any  traveller  entering  a  port  from  seaward  will  notice  red 
buoys  carrying  even  numbers  lying  to  starboard,  and  black  buoys 
carrying  odd  numbers  to  port.  Frequently  these  are  the  non- 
lighted  "can,"  "nun,"  or  "spar"  buoys  as  shown  in  Figure  22, 
types  A  to  F  inclusive.  A  close  observer  will  notice  that  shoals 
and  divided  channels  will  be  marked  by  black  and  red  buoys 
painted  in  horizontal  stripes  and  that  buoys  in  mid-channel  will 
be  marked  black  and  white  with  perpendicular  stripes.  The  prob- 
lems of  visibility  of  the  non-lighted  buoys  are  interesting  and  in- 
volve a  more  lengthy  study  of  paints  and  exposed  area  than  can 
be  carried  in  the  scope  of  this  paper.  The  lighted  buoys  assume 
types  shown  by  Figure  22,  I  and  j,  and  Figure  23  illustrates  the 
general  design  of  the  more  recent  and  perhaps  the  largest  light 
and  bell  buoy  which  will  replace  a  light  vessel.  This  buoy  carries 
a  375  mm.  acetylene  lantern  rated  480  candlepower  and  with  an 
automatic  valve  giving  a  characteristic  of  one-half  second  on, 
and  one-half  second  dark,  v^maller  buoys  carry  the  2cx)  mm. 
lenses. 
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Fig.    23. — A   modern    lighted   buoy." 


In  the  body  of  the  buoys  of  this  type  will  be  wedged  one  or 
more  gas  cylinders,  carrying  acetylene  at  about  twelve  atmos- 
pheres dissolved  in  acetone.  As  much  as  i,ckx)  cu.  ft.  of  acety- 
lene can  be  carried,  which  for  such  a  typical  cycle  of  burning  as 
0.3  second  on  and  2.7  seconds  off,  is  sufficient  to  operate  the 
light  for  some  seven  to  eight  months.  The  cylinders  are  charged 
with  gas  at  a  cost  of  approximately  $22.00  per   1,000  cu.    ft. 
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Some  of  the  buoys  carry  Pintsch  gas,  and  use  a  five-eighth  cu. 
ft.  burner  with  a  mantle  about  one-half  inch  high  and  wide. 
Figure  23  illustrates  also  the  tank  compartments  carrying  car- 
bon dioxide  gas  for  the  operation  of  the  fog  bell  striker,  that 
have  a  capacity  of  1,200  pounds  of  compressed  gas,  which  will 
operate  the  buoy  continuously  for  a  period  of  one  hundred  and 
twenty  days,  striking  a  1,000  pound  bell  about  880,000  blows 
during  this  period. 

In  order  to  involve  the  least  amount  of  roll  and  jump,  the  center 
of  gravity  must  be  carefully  placed  slightly  below  the  metacenter 
and  the  buoy  properly  weighted  so  that  it  will  not  be  necessary  to 
provide  too  wide  a  beam  divergence  in  order  to  illuminate  the 
horizon  when  heavy  swells  are  running.  Carried  at  perhaps  15 
feet  above  the  water  line  a  375  mm.  lantern  might  be  expected 
to  be  visible  at  a  geographical  range  of  at  least  10  miles. 

The  general  types  of  beacons  used  mostly  for  the  lighting  of 
inland  water  ways,  include  oil  or  acetylene  burners  in  lenses 
similar  to  the  buoys,  locomotive  headlight  lanterns,  and  Argand 
burners  backed  by  mangin  mirrors.  In  relatively  few  cases  is 
electric  service  yet  available. 

The  almost  human  sun-valve  has  been  perfected  to  control  the 
operation  of  unattended  beacon  lights,  such  as  those  operating  on 
acetylene.  It  is  sufficiently  delicate  to  allow  operation  of  the 
light  only  when  the  sun's  heat  is  actually  withdrawn  from  the 
lantern. 

The  lighting  problems  of  buoys  and  markers  are  too  numerous 
to  be  completely  covered  in  this  discussion,  but  they  are  the  sub- 
ject of  earnest  attention  by  Superintendents  of  the  Lighthouse 
Service  whose  efforts  are  constantly  directed  towards  adapting 
rather  delicate  mechanism  to  the  most  extreme  conditions  of 
storm,  ice,  and  collision,  and  yet  guarantee  unchangeable  and 
unfailing  performance  of  the  beacons  as  regards  signals  sent  out 
by  the  light  at  niglU,  l)y  the  color  and  shape  of  tlie  structure  by 
day,  and  by  the  fog  bell  or  fog  whistle  at  all  times. 

CONCLUSION 

It  is  believed  by  the  author  that  the  successful  application  of 
the  incandescent  filament  electric  lamp  will  improve  the  perfor- 
mance of  many  navigation  aids.  Concurrent  with  the  use  of  such 
sources,  it  may  be  expected  that  new  designs  of  catadioptric  and 
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dioptric  lenses,  especially  of  larger  orders,  will  be  much  smaller, — 
at  least  in  diameter;  less  heavy  or  expensive;  and  that  flashing 
by  rotating  mechanism  will  be  replaced  by  current  interruptors. 

Grateful  acknowledgement  is  made  to  the  members  of  the 
United  States  Lighthouse  Bureau,  including  Capt.  King,  Mr. 
Morse,  and  especially  Mr.  Hingsburg,  First  Asst.  Superintendent 
of  the  5th  District,  for  their  assistance  and  especially  the  latter's 
generous  contributions  to  this  paper.  References  have  been  taken 
from  records  of  the  Service,  from  reports  of  Mr.  Putman,  present 
Commissioner  of  Lighthouses,  from  memoirs  of  the  French  Com- 
mission des  Phares,  and  from  reminiscences  of  the  faithful 
keepers  of  the  lights  who  are  trained  in  schools  of  loneliness  but 
find  their  reward  in  the  consciousness  of  their  service  to  humanity, 
well  done. 

In  this  paper,  "miles"  refer  to  the  knot  of  6,086.44  feet,  con- 
taining 1,000  fathoms  or  1,852  meters.  The  liter  is  taken  as 
0.0353  cu.  ft. 

DISCUSSION 

Louis  Bell  :  I  am  sure  we  are  greatly  indebted  to  Captain 
Hibben  for  this  very  vivid  explanation  of  an  extremely  beauti- 
ful branch  of  optical  engineering  in  the  devising  of  the  light- 
house lenses  themselves  and  of  civil  and  mechanical  engineer- 
ing in  the  carrying  out  of  the  structures,  which,  resisting  all 
attacks  of  the  weather,  enable  the  lighthouses  to  function  prop- 
erly and  reliably  through  all  sorts  of  storm  and  stress  through- 
out the  year  even  in  the  most  severe  conditions. 

As  he  has  just  stated,  there  are  possible  great  changes  impend- 
ing as  regards  future  lights,  but  so  splendid  has  been  the  work 
of  the  engineers  who  have  already  solved  the  problems  of  the 
lighthouse  that  it  will  be  a  long  time  perhaps  before  our  chief 
lights  are  retired  for  depreciation.  They  come  nearer  to  per- 
manence than  most  structures  with  which  we  have  to  deal. 

G.  S.  Crampton  :  May  I  ask  why  CO^  is  used  to  operate 
the  bell? 

S.  G.  Hibben  :  It  is  possible  to  carry  a  larger  volume  in 
a  smaller  space.  Under  extreme  pressure,  it  is  of  course  liquified, 
and  it  is  non-explosive.     It  is  also  non-corrosive  and  cheap. 
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L.  C.  Porter:  I  unfortunately  did  not  hear  the  first  part 
of  Mr.  Hibben's  paper,  and  perhaps  he  has  touched  on  the  point 
which  I  have  in  mind.  We  have  been  doing  a  Uttle  work  with 
the  Lighthouse  Department  in  connection  with  some  of  the 
smaller  lights,  particularly  the  range  lights  along  rivers,  for 
guiding  the  boats  up  and  down  the  rivers.  In  those  cases,  we 
have  been  replacing  some  of  the  oil  lanterns  by  small  incandes- 
cent lamps  operated  from  primary  batteries.  The  advantage 
is  that  the  oil  lantern  has  to  be  visited  very  much  more  regularly 
than  the  incandescent  lamp.  The  incandescent  lamp,  operated 
on  an  automatic  flashing  device  and  run  from  a  primary  bat- 
tery, will  last  anywhere  from  six  months  to  a  year  without  re- 
newals, which  of  course  cuts  down  the  labor  expense  consider- 
ably, not  only  on  account  of  the  infrequent  times  that  the  light 
has  to  be  visited,  but  the  renewals  for  batteries  can  be  carried 
and  handled  much  more  easily  than  you  can  oil  or  bulW  gas 
tanks. 

There  is  another  very  interesting  factor  and  that  is  in  con- 
nection with  the  visibility  of  the  electric  light,  as  compared  to 
the  low  power  oil  and  the  low  power  acetylene  lights.  The  tests 
have  been  conducted,  and  I  have  seen  the  reports  of  the  Light- 
house Department  on  them,  stating  that  the  incandescent  lamps 
of  equal  candlepower  to  the  gas  could  be  seen  at  considerably 
greater  range.  Just  why  that  is,  I  do  not  know,  but  it  seems 
to  have  carried  out  also  in  railway  signal  practice,  where  we 
have  been  replacing  oil  signal  lamps  with  electric  lamps,  really 
of  lower  candlci>ower  than  the  oil  flame,  and  yet  we  are  get- 
ting greater  range  of  visibility. 

L.  D.  GiBBS:  I  would  like  to  say  from  time  to  time  articles 
will  come  out  in  the  daily  press  that  this  person  or  that  person 
or  this  engineering  concern  or  that  engineering  concern  has  dis- 
covered a  new  lamp  for  penetrating  fog,  and  that  they  are  go- 
ing to  eliminate  all  dangers  from  fogs  with  the  use  of  these 
lamps  in  lighthouses  and  along  the  coasts.  I  would  like  to 
ask  Captain  llibben  if  lluMe  has  been  really  any  progress  in 
that  development.  /Vlso,  1  would  like  lo  ask  Mr.  i'ortcr  what 
the  percentage  of  increase  is  in  distance  of  visibility  of  the  elec- 
tric lamp  over  the  oil  lamp. 
3 
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L.  C.  Portkr:  That  varied  anywhere  between  lo  and  20  per 
cent. 

S.  G.  HiBBEN :  As  to  the  ranges  or  the  Hmits  of  visibility 
of  the  different  colored  sources,  there  are  numerous  data,  which 
indicate  that,  for  example,  violet  light  or  hght  of  short  wave- 
lengths, through  the  usual  atmosphere,  is  transmitted  slightly 
less  readily  than  that  of  the  red  or  longer  wave-lengths.  It  is 
hard  to  get  exact  figures,  because  of  the  meteorological  condi- 
tions varying  so  rapidly,  but  some  tests  made  during  the  war  of 
searchlight  beams  gave  us  curves  which  showed  that  for  pene- 
trations through  about  three  and  a  half  miles  of  atmosphere 
there  was  a  much  greater  transmission  in  the  yellow  than  in 
the  violet. 

We  are  still  experimenting  and  we  know  that  the  yellowish-red 
light  sources  become  distinctly  still  more  red  and  still  harder  to 
see  as  the  fog  becomes  denser.  Water  vapor  seems  to  be  the 
chief  disturber.  For  example,  a  500,000  candlepower  source 
is  found  visible  through  about  sixteen  miles  of  misty  air,  and  a 
1,800,000  candlepower  source  of  practically  three  times  the 
brightness  through  only  eighteen  miles  of  air. 

That  touches  on  what  Mr.  Gibbs  has  mentioned,  too :  for  the 
penetration  of  dense  fog,  I  know  of  no  lamp  that  is  particularly 
good.  Getting  away  from  the  yellowish  sources  of  course  is 
advisable  and  I  presume  the  more  blue  white  the  source  is,  the 
less  would  be  the  probability  of  color  mistakes,  but  nothing 
that  I  know  of  yet  is  a  panacea  for  the  trouble  because  we  all 
know  of  fogs  that  would  eclipse,  at  the  range  of  only  three  or 
four  miles,  the  brightest  source  of  which  we  have  any  knowledge. 

The  important  point  is  that  the  light  color  be  not  changed 
much.  If  the  mariner  does  not  see  his  light,  he  is  ultra-cau- 
tious. If  he  sees  a  yellowish  light  and  interprets  it  as  being 
a  red  source,  he  is  in  immediate  trouble.  It  is  important  there- 
fore to  have  the  original  source  as  near  white  as  possible,  so  that 
the  efifect  of  fog  in  making  that  source  more  yellow  will  still 
leave  it  distinguishable  from  red.  If  we  start  with  an  oil  flame 
source  and  it  becomes  red,  due  to  the  absorption  of  the  short 
wave-lengths  in  fog,  then  it  may  be  interpreted  to  be  a  red 
source ;  so  a  white  light  source  would  lessen  that  difficulty. 
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F.  W.  Bliss  :  May  I  ask  Captain  Hibben  why  the  fog  causes 
a  yellow  tint  in  the  light  that  is  transmitted,  when  the  blue  light 
is  transmitted  better  than  the  yellow? 

S.  G.  Hibben  :  I  would  like  to  leave  that  discussion  to  the 
Committee  on  Automobile  Headlights.  (Laughter).  There  has 
been  a  lot  of  argument  pro  and  con  about  that.  My  experi- 
ence, and  it  is  based  on  good  theory  and  on  such  phenomenon 
as  the  sunset,  is  that  the  short  wave-lengths  are  affected  more 
by  fog  conditions  than  the  longer  wave-lengths.  That  seems 
natural  and  normal,  and  there  is  a  tendency  to  decrease  the 
short  wave-length  component  of  a  beam.  You  do  not  increase 
the  red  component  at  all,  you  simply  make  that  more  promi- 
nent by  absorbing  the  short  wave-lengths. 

F.  W.  Beiss  :  I  do  not  see  how  the  blue  is  transmitted  any 
more  than  the  yellow,  if  the  yellow  is  what  comes  through. 

S.  G.  Hibben  :  I  do  not  know  that  it  is,  because  the  trans- 
mission of  sunlight  through  atmosphere  at  40  microns — that  is, 
violet  light  shows  in  one  case  47  per  cent.  So  you  have  less 
obstruction  of  the  long  wave-lengths  than  of  the  short.  Of  course 
if  you  took  any  one  individual  section  of  the  spectrum  there 
would  be  a  different  story.  Those  light  sources  which  are  in- 
tentionally made  yellow  by  a  colored  screen  are  usually  so  reduced 
in  final  or  effective  candlepower  that  their  real  penetration  is  less. 

Louis  Beel  :  Lord  Raleigh  long  ago  showed  that  the  scatter- 
ing of  light,  which  of  course  dims  the  beam,  was  as  the  inverse 
fourth  power  of  the  wave-length,  which  fully  accounts  for  the 
difficulty  of  the  blue  rays  in  getting  through. 

\\  C.  Hingsburg*  (Communicated)  :  The  paper  presented 
by  Capt.  v^amucl  G.  Hibben  on  "Lighthouses  and  Light  Vessels" 
covers  their  features  of  illumination  remarkably  well,  and  makes 
available  to  the  engineering  profession  valuable  data  heretofore 
obtainable  only  in  the  offices  of  the  Lighthouse  v^ervice.  Ca])t. 
Hibben  is  to  be  commended  for  the  masterly  and  interesting 
manner  in  which  he  has  ])resented  the  subject. 

As  one  considers  tlu-  j)rogress  of  illnniinating  engineering  as 
applied  to  lighthouses,  beginning  with  wood  fires,  coal  fires, 
candles,  si)erm  oil,  colza  oil,  lard  oil,  kerosene  .irgand  burners, 
kerosene   oil    vai)or   lamps   and   finally   the   electric    incandescent 
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lamp,  it  will  be  seen  that  the  light  sources  have  become  progres- 
sively smaller  and  the  intrinsic  brilliancy  increased.  The  first 
order  lens  and  hyper-radial  lens  were  developed  during  a  period 
when  illuminating  engineers  could  find  no  means  to  increase  the 
intrinsic  candlepower  of  the  light  source,  but  accomplished  their 
aim  by  developing  a  combination  of  a  large  lens  and  large  area 
of  light  source,  resorting  to  5-wick  lamps,  placed  concentrically. 
With  such  a  combination  a  beam  candlepower  of  6,000  was  ob- 
tained at  Cape  Henry  I^ight  Station.  With  the  development  of 
the  incandescent  oil  vapor  light,  reducing  the  area  of  light  source 
from  25  square  inches  to  5  square  inches,  the  beam  candle- 
power  through  the  first  order  lens  was  increased  to  22,000.  The 
necessity  for  a  distinctive  characteristic  led  to  the  development 
of  the  combination  of  Mazda  C,  1,000- watt  lamp  with  mirror, 
reducing  the  area  of  light  source  to  about  one  square  inch  and  in- 
creasing the  beam  candlepower  through  the  first  order  lens  to 
80,000.  The  mirror  was  developed  to  create  an  image  which  when 
reflected  into  the  upper  catadioptrics,  provided  the  necessary 
downward  divergence  of  light  needed  to  illuminate  the  fore- 
ground. 

Capt.  Hibben  referred  to  the  bivalve  lens  with  electric  arc 
installed  at  Navesink  Light  Station,  New  Jersey.  The  current 
for  the  electric  arc  was  -furnished  by  a  25  horsepower  oil  engine 
driven  generator  set,  separately  excited,  and  with  four  keepers 
in  attendance,  the  operating  expense  was  ridiculously  high.  The 
light  source  has  been  changed  to  incandescent  oil  vapor  burned 
in  a  mantle.  The  establishment  of  light  vessels  and  numerous 
lighted  buoys  at  the  entrance  to  New  York  has  made  it  possible 
to  change  the  illuminant  in  Navesink  Light  Station,  and  the  high 
beam  candlepower  of  this  land  fall  light  is  no  longer  essential. 

There  is  one  function  of  the  Lighthouse  Service  which  Capt. 
Hibben  has  not  covered  and  that  is  the  maintenance  of  numerous 
minor  aids  in  rivers,  creeks  and  bays,  for  which  flat  wick  lan- 
terns with  200  mm.  fresnel  lenses  are  used.  These  lanterns  are 
fitted  with  a  reservoir  holding  about  3  gallons  of  kerosene  which 
is  fed  through  an  atmospheric  float  feed  valve  to  the  lamp.  The 
lamp  burns  eight  days  continuously  without  attention.  Special  re- 
fined kerosene  is  essential   for  satisfactory  results.     There  has 
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recently  been  developed  an  electric  light  operated  on  Edison 
primary  cells  for  minor  lights.  The  lamp  is  a  special  miniature 
5-watt  lamp  with  filament  designed  to  give  maximum  candle- 
power  through  a  200  mm.  fresnel  lens  with  the  necessary  diver- 
gence of  light  for  the  purpose  intended.  The  light  is  controlled 
by  an  electric  flasher  giving  double  flashes  each  of  i/io  second 
duration  one  second  apart,  with  a  time  interval  of  about  4 
seconds.  Experiments  have  proved  this  characteristic  to  be  very 
distinctive,  the  double  quick  flash  giving  as  satisfactory  results 
as  a  longer  flash,  but  with  maximum  conservation  of  energy,  the 
light  burning  1/25  of  the  time.  It  is  expected  that  the  light 
can  be  operated  a  year  without  renewal  of  cells.  The  electric 
light  was  designed  by  A.  W.  Tupper  of  the  Bureau  of  Light- 
houses. 

As  stated  by  Capt.  Hibben,  light  vessels  have  been  stationed 
on  dangerous  shoals  where  fixed  aids  cannot  be  maintained. 
Since  the  development  of  the  A.  G.  A.  acetylene  lantern  equip- 
ment, large  buoys  with  500  mm.  and  375  mm.  lanterns  develop- 
ing 600  and  480  candlepower  respectively  have  been  built,  and  so 
far  as  the  light  is  concerned  the  buoy  answers  the  requirements 
of  aids  to  navigation  as  well  as  the  more  expensive  light  vessel. 
A  modern  light  vessel  will  cost  about  $200,000,  whereas  the  cost 
of  the  acetylene  and  CO^  aerial  bell  buoy  described  by  Capt. 
Hibben  will  cost  $7,500  fully  equipped.  The  distinct  difference 
is  the  fog  signal  equipment. 

When  lighted  buoys  were  first  built  they  were  designed  in  ac- 
cordance with  the  principles  of  vessel  design.  A  light  vessel  is 
dependent  upon  its  shape  for  stability  whereas  a  buoy  is  stabilized 
by  virtue  of  its  own  weight.  Referring  to  Figure  23,  page  264, 
it  will  be  noted  that  the  buoy  has  a  heavy  counter  weight  at  the 
bottom,  lowering  the  center  of  gravity  to  a  point  a  considerable 
distance  below  either  the  mcta-ccntcr  or  the  center  of  displace- 
ment, whereas  in  vessel  design  the  c.  t;.  lies  between  the  center  of 
displacement  and  meta-center.  The  buoy  has  a  long  pendulum 
period  in  comjiarison  with  the  wave  period,  and  has  seaworthi- 
ness which  does  not  pc-rniil  the  buoy  to  deviate  more  than  a  small 
angular  distance  from  the  vertical,  and  eonsetjni'ntly  each  flash 
of  light  is  directed  towards  the  liori/on.  the  anL;le  of  inclination 
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being  less  than  the  divergence  of  Hght  through  the  lens.  While 
modern  light  vessels  are  designed  v^ith  very  small  metacentric 
heights  it  is  not  feasible  to  Hmit  the  rolling  angle  so  that  each 
flash  will  be  directed  towards  the  horizon.  Acetylene  lights  are 
found  on  most  light  vessels  because  of  the  greater  height  of  light 
source  and  consequent  greater  angle  of  divergence  of  light,  than 
obtained  with  electric  lights.  To  overcome  this  objection,  at- 
tempts have  been  made  to  keep  the  lanterns  universally  level  by 
supporting  the  lantern  in  a  universal  joint  and  counterweighting 
the  lantern.  As  the  vessel  rolls  about  the  meta-center,  the  inertia 
of  the  counterweight  defeats  the  purpose  intended.  A  device 
is  now  under  consideration  for  controlling  the  lantern  by  magnets, 
using  a  contrivance  located  at  the  meta-center  to  energize  the 
control  magnets,  and  as  the  lanterns  are  nicely  counter  balanced, 
there  will  be  no  inaccuracy  due  to  inertia. 

As  stated  heretofore  light  vessels  are  maintained  because  of 
their  superior  fog  signal  equipment.  The  aerial  bell  of  1,000- 
pound  size  struck  by  a  mechanism  operated  on  compressed  car- 
bonic acid  gas  is  a  recent  development  for  fog  signal  equip- 
ment on  buoys.  Buoys  so  equipped  will  eventually  replace  minor 
light  vessels  in  sheltered  waters.  The  lightship  stationed  ofif  the 
coast  is  considered  the  most  necessary  and  efficient  aid  to  naviga- 
tion. Being  equipped  with  characteristic  fog  whistle,  submarine 
bell  and  radio  fog  signal,  the  light  vessel  safeguards  navigation 
when  the  lights  are  rendered  ineffective  by  fog.  The  aerial 
signals  are  usually  a  12-inch  chime  steam  whistle  or  a  first  class 
air  siren.  The  submarine  bell  is  lowered  on  a  chain  to  a  depth 
of  25-30  feet  where  the  bell  is  struck  by  a  clapper  operated  by 
compressed  air  and  a  code  ringer.  The  characteristic  radio 
signals  are  emitted  on  1,000-meter  wave  and  merchant  vessels 
equipped  with  a  direction  finder  or  a  radio  compass  can  take  bear- 
ing with  very  accurate  results.  With  the  radio  fog  signal  it  is 
feasible  to  proceed  coastwise  from  light  vessel  to  Hght  vessel 
with  absolute  surety  in  fog,  and  in  the  event  of  meeting  a  passing 
steamer  take  bearings  to  avoid  collision,  and  entering  port  mas- 
ters can  locate  their  position  by  bearings  on  two  or  more  stations 
equipped  with  radio  fog  signals.  The  value  of  the  light  vessel 
as  an  aid  to  navigation  has  increased  materially  by  the  introduc- 
tion of  the  radio  fog  signal. 
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SYNOPSIS:  The  field  of  usefulness  of  the  distribution  photometer  is  ex- 
plained briefly.  A  review  is  made  of  the  more  common  types  of  distribution  pho- 
tometers. The  requirements  which  had  to  be  met  by  the  photometer  described  in 
this  paper  are  outlined.  This  is  followed  by  a  detailed  description  of  the  above  in- 
strument, including  the  methods  and  features  of  design  which  were  employed  to 
meet  the  requirements.  The  ten  foot  integrating  icosahedron  is  mentioned  and  an 
outline  given  of  the  methods  employed  for  transferring  lighting  units  of  different 
types  from  icosahedron  to  distribution  photometer,  and  vice  versa,  with  a  minimum 
of  time  and  labor.  The  electrical  supply  and  control  system  for  the  entire  room, 
including  the  two  above  instruments,  is  described. 

As  the  art  of  illumination  advances,  there  is  a  constantly 
growing  demand  on  the  part  of  those  interested  in  the  purchase 
and  installation  of  lamps  and  lighting  units  for  more  specific  in- 
formation regarding  the  performance  of  those  units.  Running 
parallel  with  this  desire,  there  is  naturally  a  demand  for  better 
and  more  scientifically  designed  combinations  of  lamp  and  acces- 
sory ;  for  light  sources  and  systems  of  illumination  which  will  be 
more  artistic,  more  restful  to  the  eyes,  and  at  the  same  time 
more  efficient  in  their  distribution  of  light.  This  development  is 
helped  along  to  a  considerable  extent  by  educational  work  on 
the  part  of  the  manufacturers  of  lamps  and  lighting  equipment, 
as  well  as  by  the  natural  desire  for  improvement  upon  the  part 
of  all  who  are  interested  in  the  art. 

Tt  is,  of  course,  in  the  development  and  measurement  of  sources 
which  more  efficiently  distribute  their  light  that  the  distribution 
photometer  is  found  to  be  indispensable.  Instruments  of  this 
sort  have  been  made  in  a  number  of  diflferent  forms.  The  pho- 
tometer which  is  (U'scril)ed  in  lliis  ])aper  will  be  seen  to  be  of  the 
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same  general  type  as  that  of  some  others  already  in  use,  but  it 
is  believed  that  it  differs  sufficiently  from  its  predecessors,  to 
be  of  interest. 

Before  going  into  a  detailed  description  of  this  instrument, 
however,  a  brief  review  will  be  made  of  the  most  common  types 
of  distribution  photometers. 

In  the  instrument  shown  in  Figure  i,  the  arm  supporting  the 
unit  under  test  rotates  about  a  horizontal  axis.  Direct  readings 
on  the  light  source  are  made  by  means  of  the  photometer  head, 


ETJ 


Fig.  I, — A  simple  photometer  in 
which  the  unit  is  rotated  about  the 
measuring  device. 


Fig.  2. — A  simple  photometer  utiliz- 
ing a  spot  plate  which  is  rotated  about' 
the  unit. 


which  can  be  adjusted  to  point  directly  toward  the  light  when  the 
latter  is  in  any  position.  The  axes  of  rotation  are  so  arranged 
that  the  photometer  and  light  source  are  separated  by  a  constant 
distance.  This  would  in  most  cases  be  ten  feet,  as  that  is  the 
standard  distance  which  is  used  in  the  great  majority  of  distri- 
bution photometer  readings.  This  method  is  obviously  unsuited 
to  handle  work  on  a  large  scale. 

The  arrangement  shown  in  Figure  2,  and  the  one  just  described, 
probably  represent  the  simplest  types  of  distribution  photometers. 
Referring  to  Figure  2,  the  arm,  or  rod,  rotates  about  a  horizontal 
axis   passing  through   the   center   of   the   light   source.     At   the 
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movable  end  of  the  rod  is  fixed  a  small  diffusing  plate  or  re- 
flector, whose  surface  is  perpendicular  to  the  cent'er'ine  o    the 
rod.     The   ,„  ens.ty  of   .ilumination   on   the   diffusing  plate   i 
measured  w.th  a  portable  illuminometer,  and  from  these  read 
mgs  the  candlepower  of  the  source  is  determined.    We  ha"e  used 
this  method  in  the  oast   but  it  ;»    ^f  ■ 

convenient  '      '  ''  "'  °^  '=°""^'  ^^""^  ^'°-  ^^^  in- 


convenient 


Fig.    3._A     -ferris     wheel"     type  p.v  r^        . 

photometer.  ^^8^-   4— One    form    of   the   Dibden 

photometer. 

The  apparatus  shown  in  Figure  3  represents  what  might  be 

vTrll  ?"'^  :'"'  '^^^  °^  ■'''°'°-'--    T-  --  -^   n 
a  vertical  plane  about  opposite  sides  of  the  lighting  unit     Each 

of  these  arms  carries  on  one  end  a  basket  arrangement  or  ca 
.n  wh,ch  a  photometer  operator  is  seated.  In  each  car  is  mounted 
a  photometer  capable  of  measuring  the  candlepower  of  hHou  e 
when  v,ewed  fro.n  any  direction.  At  the  opposite  end  o  each 
arm  are  mounted  suitable  counterweights.  The' rms  are  moled  o 
fo.m  equal  ang  es  with  the  vertical,  and  sintultancous  reading  a  e 
taken  from  each  position.  ^ 

In  l.-igun-  4  is  given  a  schematic  .hawing  of  one  form  of  the 
Dbden  pho,o„K-ter.     The  lighting  uni,  can  be  n,ove<l  ver.icalv 

zon  al  t.ack      1  he  arm  ,s  p.voted  where  it  is  fastene.l  .0  the  car 
s"  that,  as  the  UMU  ,s  raised  and  lowered  the  car  travels  forward 
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and  backward  along  the  track.  The  photometer  head  is  attached 
to  the  arm  in  such  a  manner  that  it  always  points  toward  the  light. 
This  apparatus  can  be  set  for  any  angle  between  the  two  extreme 
positions  where  the  car  is  either  directly  above  or  directly  below 
the  unit.  The  Dibden  photometer  has  been  very  satisfactory  in 
certain  cases,  but  was  not  suited  for  our  needs  because  of  the 
required  height  of  more  than  20  feet. 


Fig.     5. — A     simple     single     mirror 
selector   tj-pe   photometer. 


Fig.   6. — The  Matthews  double  mir- 
ror selector   tj-pe   photometer. 


The  simplest  mirror  type  photometer  is  that  shown  in  Figure 
5.  The  mirror  rotates  on  an  arm,  about  the  axis  which  passes 
through  the  center  of  the  light  source  and  the  center  of  the 
photometer  head.  For  any  position  of  the  mirror,  light  emitted 
by  the  source  in  that  direction  will  be  reflected  to  the  photometer 
head.  A  screen  prevents  direct  light  from  the  source  from  striking 
the  photometer  head.  The  light  enters  the  photometer  head  at 
a  large  angle  with  the  normal,  bringing  in  certain  uncertainties, 
and  causing  some  difficulty  in  shielding. 

The  Matthews  double  mirror  selector,  Figure  6,  operates  in 
the  same  manner  as  the  single  mirror  type  described  above.  It 
has  the  advantage,  however,  that  the  source'  is  viewed  simultane- 
ously from  opposite  sides  at  equal  angles  from  the  vertical.  This 
eliminates,  to  a  certain  extent,  errors  which  may  be  encountered 
due  to  the  fact  that  the  candlepower  of  the  source  is  not  uniform 
about  a  vertical  axis. 

Another  form  of  single  mirror  selector  is  that  shown  in  Figure 
7.  The  distance  between  the  axis  of  rotation  of  the  upper  gear, 
and  the  axis  of  the  horizontal  portion  of  the  arm  supporting  the 
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lighting  unit,  is  the  same  as  the  distance  between  axes  of  the 
upper  and  lower  gears.  By  means  of  the  train  of  gears,  the 
unit  is  rotated  about  the  mirror  at  a  constant  distance.  The 
mirror,  at  the  same  time,  is  rotated  just  the  correct  amount  to 
throw  the  reflected  light  along  its  horizontal  axis  of  rotation,  to 


Fig.  7. — Another  single  mirror  selec- 
tor type  photometer. 


Fig.     8. — A    three     mirror    selector 
type  photometer. 


a  photometer  head.    In  this  device  it  is  very  difficult  to  rotate  the 
unit  under  test. 

A  three  mirror  selector  is  shown  in  Figure  8.  The  three 
mirrors  rotate  as  one  unit  about  a  horizontal  axis  passing  through 
the  center  of  the  light  source.  At  every  position  of  the  mirrors, 
light  is  reflected  horizontally  to  a  photometer  head.  This  method 
has  certain  advantages,  but  also  certain  mechanical  disadvantages. 

The  two  mirror  selector  sliown  in  iMgiirc  9  is  the  type  which 
has  been  designed  and  installed  in  llu'  Physical  Laboratory  o\  the 
Westinghouse  Lamp  Company.  The  lighting  unit  is  snspended 
from,  or  mounted  on,  the  rotating  lu-ad  1>.  This  head  can  1h* 
moved  vertically  to  bring  the  light  center  lo  ihe  ])r()|)(.'r  position  on 
the  photometer  axis  lined  through  bearings  11  and  J.  Light  from 
the  unit,  striking  the  large  mirror  C\  is  rellected  to  the  .small 
mirror   I),  .ind   from  there  tt)  a  diltnsing  screen  placed  briween 
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it  and  the  Lummer-Brodhun  photometer  head  E.  A  working 
standard  lamp  in  the  housing  at  F,  can  be  moved  to  a  greater  or 
less  distance  from  the  photometer  head,  to  produce  a  brightness 
match.  The  mirrors  C  and  D  are  rotated  as  a  unit,  about  the 
axis  which  passes  through  the  centers  of  bearings  H  and  J,  by 
turning  the  handle  G. 

Probably  none  of  the  photometers  described  is  preeminently 
the  best  for  all  cases.  However,  a  careful  consideration  of  the 
problems  of  installation  and  required  performance  led  to  the 
adoption  of  this  particular  type  as  being  the  most  desirable.  It 
was  required  in  this  case  that  the  photometer  be  installed  on  a 
building  floor  having  approximately  lo  feet  head  room.  It  was 
desirable  to  have  the  instrument  take  as  small  a  floor  space  as 
might  reasonably  be  arranged,  although  no  definite  limits  were 
prescribed.  It  was  necessary  to  build  an  instrument  which  could 
handle  all  kinds  of  luminaires  from  the  smallest  residential  glass 
type  to  the  largest  street  lighting  units.  In  the  latter  case  it 
was  necessary  to  consider  the  weight  of  the  unit  as  well  as  the 
size  of  the  light  source.  Provision  had  to  be  made  for  mounting 
these  units  either  in  a  pendent  position  or  placed  upright  on  a 
pedestal,  as  the  case  demanded.  It  was  considered  essential  that 
a  means  be  provided  for  rotating  all  units  including  the  largest 
street  lighting  pendents  and  post  tops.  In  addition  to  this  it 
was  desired  that  provision  be  made  to  transfer  a  complete  unit 
from  the  distribution  photometer  to  the  ten-foot  icosahedron,^ 
or  vice  versa  without  disturbing  the  wiring,  or  the  adjustment  of 
the  lamp  in  the  unit.  The  distribution  photometer  room  has  been 
laid  out  to  include  a  regular  icosahedron  lo  feet  in  height.  The 
latter  piece  of  apparatus  is  designed  to  be  capable  of  measuring 
the  total  light  output,  and  overall  efficiency  of  any  existing  size 
of  lighting  unit  by  the  same  method  as  would  be  employed  in 
using  the  IHhricht  sj)hcre  for  this  purpose. 

A  detailed  description  of  the  distribution  i)h()t()nieter  will  show 
how  the  various  conditions  were  fullilled.  This  description  fol- 
lows : 

'  Sc"  j);i])ff  incs'Mitrd  ;it  lliis  I'ouvfiit i  >ii  hy  K.  S.  Weaver  and  H.  }•).  Sluiekflldrd 
"The  KeKtil'ir  Icosnhrdroii  iis  m  S\ihstitiitc  lOr  llu'  riluiilit  Splu-if"  i>n  ixit^r  390of  this 
isHue. 
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The  rotating  head  which  supports  the  Hghting  unit  can  be 
moved  up  or  down  on  the  vertical  shaft  K.  The  counterweight  L 
makes  this  a  fairly  easy  matter.  Two  handles  are  provided  for 
clamping  the  head  to  the  shaft.  This  one  head  is  universal  in 
that  it  can  be  used  for  either  pendent  or  pedestal  units.  A  pen- 
dent unit  may  be  suspended  from  a  suitable  holder  attached  to 
the  head,  and  the  latter  moved  up  along  the  vertical  shaft  to  the 
proper  position.  In  the  same  manner,  a  pedestal,  or  post  top 
unit  may  be  mounted  on  a  suitable  holder  on  top  of  the  adjust- 
able support,  and  the  latter  moved  down  until  the  proper  posi- 
tion is  reached. 

The  head  is  rotated  at  any  desired  speed  by  means  of  a  direct 
cm*rent  motor  M,  driving  a  vertical  keyed  shaft  N,  immediately 
behind  the  main  shaft.  The  rotary  motion  is  transmitted  to  the 
head  by  means  of  a  round  belt  and  pulleys. 

Electrical  connections  are  made  by  means  of  two  wide  slip 
rings  and  four  brushes.  One  brush  on  each  ring  carries  the 
lighting  current,  while  the  other  is  used  for  a  voltmeter  con- 
nection. It  is  considered  that  the  drop  in  voltage  between  slip 
ring  and  lamp  will  be  negligible.  The  shaft  to  which  the  rings 
are  connected  is  hollow,  and  contains  the  wires  leading  to  the 
lamp. 

At  points  A  and  A^  are  flange  connections  of  the  same  size 
and  shape.  The  pieces  which  are  attached  above  and  below  these 
points  are  built  to  accommodate  certain  lighting  units.  If  a  dif- 
ferent type  of  unit  is  to  be  mounted  in  place,  it  is  only  necessary 
to  disconnect  a  pair  of  flanges  and  connect  the  proper  piece  to 
support  that  particular  type  of  unit.  Electrical  connections  are 
automatically  made  by  means  of  plugs  and  receptacles  built  into 
the  flanged  pieces.  A  sufficient  number  pf  pieces  have  been 
made  up  to  take  care  of  all  ordinary  lighting  units.  These  can 
be  added  to  at  any  time  to  accommodate  new  types.  If  the  unit 
in  question  has  a  light  center  exceptionally  far  from  the  point  of 
support,  the  upper  or  lower  flange  piece  can  be  removed,  depend- 
ing on  which  one  is  not  in  use.  This  will  give  sufficient  clear- 
ance so  that  the  head  can  be  raised  or  lowered  to  provide  for 
all  existing  types  of  units,  with  an  ample  margin  for  future  de- 
velopments. 
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The  icosahedron  is  equipped  with  upper  and  lower  flange  sup- 
ports of  the  same  type  as  those  on  the  distribution  photometer. 
Any  unit,  therefore,  when  once  adjusted  in  place  with  its  lamp, 
can  be  readily  transferred  from  one  photometer  to  the  other  by 
merely  removing  the  flange  bolts  on  one  instrument,  and  bolting 
the  flange  in  its  place  on  the  other.  Electrical  connections  are 
thus  automatically  made,  and  no  adjustments  are  disturbed. 

It  was  found  that  the  mirror  C  would  have  to  be  of  such  size  as 
to  make  advisable  a  double  arm  support.  The  double  bearing 
design  as  shown  in  Figure  9  was  therefore  decided  on.  This 
mirror  is  of  plate  glass,  20  inches  in  diameter.  It  is  inclined  at 
the  proper  angle  from  the  vertical  to  reflect  the  light  to  the  ellipti- 
cal mirror  D.  The  frame  for  the  circular  mirror  is  held  to  the 
main  arms  by  a  ball  and  socket  and  helical  spring  device.  Ad- 
justment of  the  mirror  position  is  made  by  means  of  three  screws 
near  the  edges  of  the  mirror  frame. 

The  elliptical  mirror  D,  reflects  the  light  to  a  translucent  screen 
at  the  left  end  of  the  hollow  bearing  J.  The  mirror  is  mounted 
on  a  large  ball  and  socket  joint  and  is  held  in  place  by  a  set  screw 
when  the  proper  adjustment  is  obtained 

The  sheet  metal  hood  which  encloses  the  small  mirror  is 
painted  a  flat  black.  An  aperture  is  provided  for  admission  of 
light  from  the  large  mirror,  but  the  hood  shuts  out  most  of  the 
extraneous  light.  If  it  is  found  that  a  system  of  screening  is 
needed  for  the  large  mirror,  it  is  proposed  to  place  a  strip  of 
black  velvet,  several  feet  wide,  along  the  floor  from  about  two 
feet  in  front  of  the  lighting  unit,  straight  back  to  the  rear  wall, 
five  feet  behind  the  unit.  This  will  be  extended  straight  up  the 
wall,  and  out  along  the  ceiling  directly  over  the  floor  strip. 
Practically  no  extraneous  light  can  strike  the  large  mirror  at  the 
proper  angle  for  reflection  to  the  photometer  head,  excej)!  that 
which  is  reflected  from  the  black  velvet.  This  will  of  course  be 
negligible. 

The  translucent  screen  at  the  left  end  of  the  hollow  bearing  is 
exactly  ten  feet  from  the  light  center  of  the  source.  This  screen 
becomes  a  secondary  source  of  lii^^ht,  ilhiminaling  one  half  of 
the   1  AHiinier-Brodhuii   photometer  held.     The  other  half  of  the 
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photometer  field  is  illuminated  by  means  of  the  working  standard 
lamp.  The  familiar  arrangement  of  movable  carriage  and  screens 
is  shown.  Neutral  light  filters  may  be  inserted  in  holders  pro- 
vided approximately  an  inch  from  the  photometer  head,  on  either 
side  of  the  latter. 

The  carriage  is  moved  by  turning  the  knurled  handle  O,  which 
actuates  the  former  through  a  string  passing  over  pulleys.  Pho- 
tometer readings  are  taken  at  point  P  on  a  graduated  metal  tape 


Fig.  10. — I,ayout  of  electrical  control  and  supply  system  for  the  distribution 

photometer    room.        No.   14   wire,  current  leads, ,      No.  8    wire,  current 

leads, ,    No.  16  wire,  voltage  leads, . 


which  also  passes  over  suitable  pulleys,  and  moves  with  the  lamp 
carriage.  This  tape  is  graduated  to  read  directly  in  candle- 
power. 

The  mirror  arm  is  rotated  by  means  of  tiie  handle  G,  which  is 
connected  to  a  worm  and  gear.  The  electrical  control  and  meter 
table  is  placed  immediately  to  the  left  of  this  point.  The  opera- 
tor at  this  position  can  therefore  rotate  the  mirror  arm,  and  also 
read  the  angle  between  mirror  arm  and  the  vertical  by  means  of 
a  protractor  on  the  left  face  of  the  worm  gear. 

The  foregoing  is  probably  a  sufficiently  detailed  description  of 
the  distribution  photometer  proper.     It  may  now  be  of  interest 
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Fig.    II. — General   view  of  Wcstinghouse   two   mirror  selector  type  photometer. 


V\K-    I  J.     -Piiult  III    type   slriit    IiL;lil 
iiiu  unit   in   imsition   for  test. 
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to  describe,  in  a  more  general  way,  the  layout  of  the  entire  pho- 
tometer room,  as  there  are  several  elements  of  flexible  control 
which  are  considered  to  be  worthy  of  mention  here. 

The  electrical  control  and  instrument  table,  shown  in  Figure 
10,  controls  circuits  running  to  the  distribution  photometer,  10- 
f oot  icosahedron  and  30-inch  sphere ;  and  may  be  used  to  control 
a  circuit  to  the  miscellaneous  work  table  and  to  the  potentiometer 
table. 

This  control  table  is  enclosed  in  a  box,  whose  top  and  sides  are 
painted  a  flat  white  on  the  inside.  Four  concealed  show  case 
lamps  illuminate  these  white  inside  walls  causing  the  meters  to 
be  indirectly  illuminated  by  a  soft,  thoroughly  diffused  light. 
Space  is  provided  for  three  large  laboratory  standard  voltmeters 
or  ammeters,  or  more  of  a  smaller  type.  A  system  of  rheostats  of 
various  capacities,  with  suitable  switches,  makes  it  possible  to 
handle  a  wide  range  of  currents  and  voltages  without  resorting 
to  special  connections. 

Current  is  obtained  from  the  feeder  panel,  and  carried  to  the 
distribution  panel,  control  table,  and  room  circuits  by  means  of 
wires  terminating  in  plug  connectors.  The  feeder  panel  in  turn 
can  be  supplied  with  any  desired  form  of  current  from  the  main 
laboratory  switchboard. 

Flexible  wires,  terminating  in  plugs,  run  from  the  control  table 
to  the  distributing  panel.  From  the  latter  are  run  the  various 
circuits  to  carry  current  to  the  different  pieces  of  apparatus. 
From  suitable  points,  voltage  leads  run  back  from  the  photometric 
apparatus  to  the  panel.  At  the  icosahedron,  a  double  pole  double 
throw  knife  switch  enables  the  operator  to  throw  current  on 
either  the  lighting  unit  or  the  bare  lamp.  A  similar  switch 
connects  the  voltmeter  wires  to  the  proper  point. 

With  this  system,  it  is  possible  to  feed  current  at  the  voltages 
desired,  to  the  various  test  and  comparison  lamps  about  the  room. 
It  is  possible  to  regulate  the  current  and  take  voltmeter  and  am- 
meter readings  accurately.  Tests  can  be  made  on  h\nii)s  and 
units  of  widely  different  sizes  and  characteristics.  This  can  be 
done  with  a  minimum  of  labor  recjuired  for  mounting  and  ad- 
justing test  units  and  a|)paratus. 

4 
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As  these  instruments  are  now  designed,  any  sized  unit  which 
it  is  possible  to  handle  on  the  distribution  photometer  will  be 
within  the  capacity  of  the  icosahedron,  both  in  size  of  light 
source  and  in  weight. 

This  means  that  practically  any  unit  of  ordinary  proportions, 
not  exceeding  30  inches  in  diameter  nor  150  pounds  in  weight,  can 
be  readily  accommodated.  This  will  take  care  of  all  present 
sizes  of  lighting  units  of  the  type  which  would  ordinarily  be 
measured  on  a  distribution  photometer,  and  allow  a  considerable 
margin  for  possible  future  development. 

Certain  of  the  mechanical  features  of  the  distribution  pho- 
tometer described  in  this  paper  have  been  designed  by  Mr.  H.  I. 
Knecht  of  our  Experimental  Equipment  Division. 

DISCUSSION 

W.  F.  L1TT1.E:  A  distribution  photometer  which  has  been 
in  use  at  the  Electrical  Testing  Laboratories  for  the  past  eight 
years  is  very  similar  to  that  described  by  the  author.  This 
photometer  consists  of  adjustable  rotator,  two  mirrors,  hollow 
shaft  through  which  the  light  is  reflected,  simple  Lummer  cube 
and  photometer  bar.  It  was  originally  designed  as  a  recording 
photometer  but  experience  showed  a  loss  of  time  in  interpret- 
ing the  results.  The  rotator  is  moved  up  and  down  with  a  worm 
and  gear,  and  the  light  source  is  brought  to  the  photometer  axis 
by  projecting  the  filament  onto  an  enlarged  scale.  All  measure- 
ments are  made  from  the  light  center;  in  this  way  the  dimen- 
sions of  the  luminaire  and  the  location  of  the  glassware  or 
accessory  can  be  quickly  and  accurately  determined  in  place. 

The  rotating  arm  which  supports  the  French  plate  mirror 
is  made  of  triangular  construction  in  order  to  eliminate  sag. 
In  this  way  the  double  suspension  is  not  necessary.  In  using 
the  single  suspension  the  mirror  can  be  rotated  through  360  de- 
grees which  is  of  considerable  aid  in  measuring  asymmetric 
reflectors  or  luminaires  which  cannot  be  rotated. 

The  reflection  from  the  suspension  arms  is  eliminated  by  the 
use  of  corrugated  rubber  matting  with  the  corrugations  running 
around  the  tubing. 
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The  socket  is  revolved  by  beveled  gears  and  continuous  belt 
in  such  a  way  that  the  position  of  the  rotator  may  be  changed 
without  interfering  with  or  changing  the  speed  of  rotation. 

The  source  of  electrical  supply  is  from  the  life  test  lines  which 
is  maintained  constant  to  within  ±}4  P^i*  cent.  The  comparison 
lamp  is  operated  directly  on  the  line  with  the  test  lamp  operated 
from  a  variable  auto  transformer.  In  this  way  a  standard  may 
be  quickly  set  and  the  two  lamps  varied  together  with  the  slight 
fluctuation  in  line  voltage.  With  this  method  of  wiring  no 
electrical  instruments  are  necessary.  A  variation  of  2  per  cent 
in  the  line  voltage  will  show  no  perceptible  photometric  dif- 
ference. 

The  scale  range  is  from  4  to  120  candlepower  and  the  range 
is  further  extended  10  to  i  by  the  introduction  of  a  diaphragm 
over  an  opal  glass  in  front  of  the  comparison  lamp  carriage. 

S.  G.  HiBBEN :  I  have  always  felt  that  it  was  essential  for 
any  manufacturer  of  lighting  devices  to  have  available  some 
readily  disable  photometric  facilities  like  these  explained  in  the 
two  papers.  Any  lighting  service  department  is  interested  in 
knowing  roughly  the  characteristics  of  the  lighting  devices  they 
may  be  in  position  to  recommend ;  and  any  manufacturer  must 
know  almost  immediately,  within  an  error  of  perhaps  5  per  cent, 
the  performance  of  units  being  in  a  process  of  design  or  manu- 
facture. 

It  therefore  seems  necessary  to  carry  on  two  general  kinds  of 
photometric  work;  one,  perhaps,  like  the  Electrical  Testing 
Laboratories  or  others  may  do,  which  has  an  extreme  accuracy, — 
the  utmost  possible  accuracy;  the  other  is  the  quick,  commercial 
work.  Devices  like  an  icosahedron  for  integration  or  the  distribu- 
tion photometer,  just  explained,  will  be  satisfactory  for  this 
second  or  latter  class  of  work. 

It  is  interesting  to  me  to  have  worked  with  the  authors  on  this 
development.  One  scarcely  realizes  the  obstacles  encountered. 
The  icosahedron  was  of  course  developed  in  preference  to  a 
sphere  on  account  of  a  limiting  head  room.  One  gets  a  larger 
integrating  capacity  with  the  icosahedron  than  with  the  sphere. 

The  ten-foot  photometric  axis  on  the  distribution  photometer, 
is  an  example  of  another  space  limitation,  and  it  therefore  seems 
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necessary  in  publishing  photometric  data  from  either  of  these  two 
devices,  to  make  note  of  those  conditions  under  which  the  test 
was  made. 

For  example,  I  think  on  every  distribution  test,  the  photo- 
metric distance  must  be  given  and  in  addition  (this  is  a  vital 
point)  the  weight  of  the  glass,  especially  if  it  be  a  diffusing 
globe  or  enclosing  medium.  It  is  fruitless  to  publish  distribution 
curves  or  photometric  data  on  a  great  many  of  our  lighting  de- 
vices and  say,  ''This  is  a  globe  of  a  certain  size  and  a  certain 
shape,  of  a  certain  glass,  which  therefore  has  an  output  of  85  per 
cent."  Any  one  who  has  seen  the  manufacture  of  those  globes 
knows  that  a  particular  shape  and  glass  may  vary  15  or  20  per 
cent  in  photometric  performance  depending  upon  mechanical 
thickness  of  the  walls  of  the  glass. 

Some  other  things  in  connection  with  these  photometers  must 
be  watched :  the  glass  of  the  mirrors  for  example  must  be  very 
carefully  chosen  and  supported,  so  that  it  will  have  no  appreci- 
able selective  absorption,  will  not  warp  nor  be  hydroscopic,  nor  be 
subjected  to  wide  temperature  variations.  The  speed  of  rotation 
of  the  unit  must  be  recorded.  An  automatic  speed  counter  ought 
to  be  provided  on  the  axis  of  the  tested  unit  because  the  speed 
of  rotation  often  has  a  bearing  on  the  final  candlepower  results. 

One  point  was  not  emphasized  by  the  authors,  namely ;  that  the 
two  devices  just  explained  are  used  in  conjunction,  and  a  unit 
may  be  shifted  from  the  distribution  photometer  immediately 
into  the  integrating  icosahedron  and  back  again  for  inter-test 
work. 

A.  H.  Taylor:  About  ten  years  ago,  we  had  occasion  to 
design  and  build  at  the  Bureau  of  Standards  a  distribution  pho- 
tometer, and  after  looking  over  the  literature  on  the  subject  we 
decided  on  a  double-mirror  photometer  similar  in  characteristics 
to  that  one  given  in  Figure  6.  It  seems  to  me  this  is  far  superior 
in  every  way  to  a  single-mirror  photometer  because  it  is  very 
often  difficult  to  rotate  the  source  that  you  are  measuring,  and 
especially  it  is  difficult  to  rotate  it  fast  enough  to  get  rid  of  the 
flicker  that  you  may  have,  due  to  inequalities  on  the  two  sides  of 
the  luminaire. 

Another  case  is  an  arc  lamp.  If  any  of  you  have  worked  on 
arc  lamps  on  the  distribution  photometer,  you  know  how  mean 
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they  are  to  work  with,  because  the  arc  in  certain  types  is  always 
wandering  around  the  electrodes,  and  from  one  moment  to 
another  you  may  have  a  change  of  50  per  cent  or  more,  which 
means  that  you  have  to  go  through  your  distribution  curves  a 
great  many  times,  to  be  sure  of  anything  that  even  approximates 
its  distribution.  So  that  any  way  by  which  you  can  get  around 
some  of  the  variables  is  of  great  benefit. 

We  find  with  a  two-mirror  selector  that  it  cuts  down  this 
fluctuation  a  very  great  deal,  where  you  do  not  rotate  the  arc,  and 
I  think  you  will  find  it  is  impracticable  in  most  cases  to  rotate 
an  arc  lamp. 

It  is  possible  to  use  the  two-mirror  selector  as  a  single-mirror 
selector  if  you  so  wish  by  merely  covering  up  one  of  the  mirrors 
with  black  velvet ;  there  are  certain  angles  that  you  can  not  reach 
with  the  two  mirrors  and  you  reach  them  in  that  same  way, 
simply  using  one  mirror  and  covering  the  other  one  with  black 
velvet. 

It  is  not  difficult  to  get  two  mirrors  that  are  almost  identical  in 
reflection,  so  that  you  do  not  introduce  any  errors  due  to  the  dif- 
ferences. 

C.  M.  DooLiTTLK :  The  method  of  lighting  the  meters  in  the 
control  table  is  interesting.  The  installation  consists  of  three  or 
four  long,  narrow  lamps  concealed  in  the  box  and  lighting  the 
interior,  which  is  painted  with  white  diffusing  paint.  That,  it 
seems,  is  much  better  than  the  method  of  having  miniature  lamps 
immediately  over  the  scale  of  the  meter.  There  is  no  danger  at 
all  of  seeing  any  brightly  reflected  image  of  the  lamp  filament  in 
the  mirror  of  the  meter.  At  the  same  time  a  more  cheerful  ap- 
pearance is  produced.  The  average  photometer  room  is  usually 
painted  black  and  is  rather  a  dull  and  dingy  place,  and  it  is  a  little 
bit  more  cheerful  for  the  operator  who  is  watching  the  meters  to 
have  that  somewhat  illuminated  space  in  front  of  him. 

The  front  door  of  the  meter  table  is  painted  white.  That  was 
really  not  intended  to  be  that  way.  There  is  no  object  in  having 
the  door  painted  white,  but  that  of  course  can  be  easily  remedied. 

T  would  like  to  emphasize  again  the  i^oint  that  Mr.  llihhcii 
brought  out  in  regard  to  the  ease  of  changing  units  from  the  dis- 
tribution photometer  to  the  icosahedron  and  vice  versa.  They  are 
both  iti  the  same  room  and  as  you  know,  a  large  part  of  the  time 
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consumed  in  taking  a  distribution  curve  on  a  unit  is  required  to 
set  up  the  unit  in  place,  and  to  set  the  lamp  in  the  proper  position 
in  the  unit.  That  is  particularly  true  in  cases  where  develop- 
ment work  is  being  done  on  units,  and  it  is  necessary  to  mount 
the  light  in  different  positions,  possibly  in  the  position  which  is 
considered  normal  and  then  one  or  two  inches  above  or  below 
the  normal  position.  Frequently,  special  jigs  have  to  be  made 
to  hold  the  lamp  in  proper  position.  All  that  it  is  necessary  to 
do  to  change  over  a  unit  completely  from  distribution  photometer 
to  icosahedron  is  simply  to  undo  three  bolts  in  a  flange  connection 
and  carry  the  unit  with  the  flange  over  to  the  icosahedron  and 
bolt  it  in  place  there.  The  electrical  connections  are  made  auto- 
matically by  means  of  a  plug  mounted  in  the  flange. 

Another  point  which  Mr.  Hibben  mentioned  on  which  I  should 
like  to  lay  further  emphasis,  is  the  value  of  these  two  instruments 
when  used  together  as  one  unit  for  determining  light  distribution 
and  unit  efficiency.  The  distribution  photometer  is  of  course 
essential  in  that  work,  but  especially  when  the  unit  is  such  as  to 
produce  a  rather  spotted  distribution  of  light,  it  is  extremely 
difficult  to  determine  the  efficiency,  and  the  icosahedron  or  any 
large  integrator  will  save  a  tremendous  amount  of  time.  The 
large  integrator  is  of  course  very  valuable  for  determining  total 
light  outputs  and  efficiencies  of  units,  but  on  the  other  hand  it 
has  to  be  supplemented  by  the  distribution  photometer  to  deter- 
mine the  form  of  the  distribution.  Together  the  two  instruments 
form  a  most  valuable  complete  set  of  apparatus  for  determining 
light  flux  values  on  luminaires  of  all  sorts. 

C.  C.  C01.BY,  Jr.  :  The  authors  would  be  ungrateful  indeed 
if  they  failed  to  acknowledge  Mr.  Little's  valuable  help,  in  dem- 
onstrating for  them  on  several  occasions  the  photometer  he  has 
just  described,  which  represents  the  type  used  as  a  basis  for  the 
design  of  the  photometer  described  by  the  authors. 

The  title  of  our  paper  may  perhaps  be  a  trifle  misleading,  and 
I  should  like  to  emphasize  the  fact  pointed  out  in  the  second 
paragraph  of  the  paper;  namely,  that  the  actual  principles  in- 
volved in  the  design  of  our  photometer  are  not  new;  the  optical 
system,  for  example,  is  similar  to  that  photometer  mentioned  by 
Mr.  Little,  and  is  also  illustrated  on  page  66  of  Bohle's  Electric 
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Photometry  and  Illumination,  London,  1912.     The  uniqueness  of 
our  photometer  lies  chiefly  in  the  mechanical  design. 

Mr.  Little  has  referred  to  the  size  of  mirror  C,  Figure  9.  With 
the  present  arrangement,  the  effective  length  of  the  optical  path  is 
10  feet,  and  a  Hght  source  with  a  maximum  luminous  dimension 
of  2  feet  represents  the  largest  size  that  can  be  photometered 
safely  at  this  distance.  The  mirrors  have  been  designed  with  a 
view  to  being  able  to  take  care  of  a  unit  with  a  maximum  lumin- 
ous dimension  of  2.5  feet,  in  which  case  the  bar  with  the  com- 
parison lamp  carriage  would  be  moved  to  the  right,  and  bearing 
J  replaced  by  a  larger  hollow  bearing,  so  as  to  increase  the 
effective  length  of  the  optical  path  to  about  12.5  feet. 

Our  scale  and  reading  device  are  very  similar  to  those  of  the 
photometer  described  by  Mr.  Little,  the  tape  being  graduated 
according  to  the  inverse  square  law,  and  read  by  means  of  an 
index  at  the  photometer  head. 

The  distribution  photometer  is  being  used  merely  to  determine 
the  shape  of  the  curve,  the  actual  size  being  determined  bv  cal- 
culation from  the  efficiency  figure  obtained  by  the  use  of  the 
icosahedron.  Accordingly,  it  is  not  necessary  to  hold  anv  par- 
ticular values  of  voltage  or  current  for  the  test  and  comparison 
lamps,  so  long  as  the  values  chosen  are  held  constant  during  the 
test,  are  less  than  the  rated  values  for  the  particular  lamps  used, 
and  give  an  approximate  color  match. 

We  are  not  prepared  to  dispute  with  Mr.  Taylor  about  the 
relative  merits  of  the  photometers  shown  in  Figures  6  and  9  for 
arc  lamp  photometry.  We  have  not  as  yet  had  any  arc  lamps 
to  photometer.  While  we  feel,  however,  that  our  photometer 
will  handle  arc  lamps  in  as  satisfactory  a  manner  as  arc  lamps  can 
be  handled,  it  was  designed  primarily  for  use  with  incandescent 
lamps,  and  we  do  not  expect  to  do  much  arc  lamp  work  with  it. 

We  have  chosen  to  try  to  rotate  some  of  the  larger  units  for 
the  reason  that  we  have  been  called  ui)()n  to  measure  the  distri- 
bution of  quite  a  large  number  of  units  with  panelled  or  rippled 
glass,  and  in  either  case  it  is  (lifficult  to  secure  average  results 
unless  the  unit  can  be  rotated.  Tn  case  \\c  cannot  rotate  units  of 
this  type  and  eliminate  flicker  suflicienlly  to  secure  trustworthy 
readings,  we  expect  to  take  a  number  of  curves  in  different  verti- 
cal planes  \villi  tlic  iniit  stalioiiary  and  a\era.i;c  the  results. 


THE  REGULAR  ICOSAHEDRON  AS  A  SUBSTITUTE 
FOR  THE  ULBRICHT  SPHERE* 
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SYNOPSIS:  Increasing  demand  for  efficiency  tests  of  commercial  lighting 
units  has  necessitated  new  and  more  expeditious  methods  of  determining  such  values. 

The  spherical  photometer  would  be  a  convenient  instrument  for  such  determina- 
tions. However,  due  to  the  large  size  of  many  of  the  units  to  be  tested,  an  inte- 
grator of  maximum  size  is  desirable,  and  due  to  the  difficulty  in  constructing  a 
large  true  sphere,  and  to  limited  head  room  available,  the  icosahedron  was  thought 
to  be  more  suitable  for  such  a  photometer. 

The  value  of  this  solid  as  an  integrator  was  determined  by  means  of  experiments 
on  a  30-inch  model,  and  as  a  result  of  these  experiments  a  lo-foot  icosahedron  has 
been  constructed  for  work  with  full  sized  units  including  the  largest  street  lighting 
fixtures. 

INTRODUCTION 

Increasing  interest  has  recently  been  shown  in  the  performance 
and  efficiency  of  nearly  every  type  of  modern  lighting  unit.  This 
is  particularly  the  case  in  view  of  the  different  effects  on  effici- 
encies of  reflections  and  refractions  in  units  of  only  slightly 
different  designs.  Accordingly  there  has  resulted  a  considerable 
demand  on  illumination  laboratories  for  tests  of  this  character. 
The  Illumination  Laboratory  of  the  Westinghouse  Lamp  Com- 
pany has  had  so  many  requests  of  this  nature  that  it  has  been 
found  desirable  to  design  new  equipment  for  the  work. 

The  method  used  in  the' past  for  determining  the  efficiencies  of 
large  luminaires  has  been  to  determine  the  light  distribution  and 
to  calculate  the  efficiency  by  the  use  of  the  proper  zonal  factors. 
In  many  cases  the  distribution  of  light  as  well  as  the  absolute 
efficiency  was  desired,  but  in  the  case  of  many  of  the  units,  of  a 
more  or  less  standard  type,  the  general  form  of  the  distribution 
curve  was  known  and  the  efficiency  determination  was  the  real 
object  of  the  test.  For  such  tests  much  tirne  would  have  been 
saved  if  the  efficiency  could  have  been  determined  directly  without 

*A  paper  presented  at  the  Annual  Convention  of  the  Illuminating  Engineer- 
ing Society,   Swampscott,  Mass.,   Sept.  25-28,   1922. 

**Physical   Laboratory,   Westinghouse   Lamp   Co.,   Bloomfield,   N.   J. 

The  Illuminating  Engineering  Society  is  not  responsible  for  the  statements  or 
opinions    advanced  by   contributors. 
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resorting  to  the  laborious  method  of  calculation  from  the  distri- 
bution curve  data. 

Moreover  the  proper  determination  of  the  efficiency  of  a  unit 
by  the  distribution  curve  method  is  at  times  quite  difficult  and 
laborious.  This  difficulty  may  be  due  to  a  very  high  concentration 
in  narrow  zones  or  angles,  to  lack  of  uniformity  in  glassware 
particularly  in  large  panelled  post  tops,  or  to  certain  other  causes. 

In  such  cases,  errors  of  the  order  of  lo  to  15  per  cent  are 
possible  unless  a  great  number  of  readings  are  taken  in  various 
vertical  planes  around  the  unit,  and  even  after  this  laborious 
procedure,  results  are  not  entirely  satisfactory.  Hence  it  be- 
came desirable  to  investigate  the  possibilities  of  some  sort  of 
mammoth  light  flux  integrator  for  this  work.  The  use  of  the 
Ulbricht  sphere  naturally  suggested  itself.  A  study  of  the  litera- 
ture on  the  sphere  included  reports  on  several  investigations  of 
box  integrators  such  as  described  by  Grondahl. 

PREVIOUS  WORK  ON  PSEUDO  SPHERE  PHOTOMETERS 

The  box  integrators^  have  the  evident  advantage  over  a  true 
sphere  of  being  easier  to  construct  and  more  suitable  for  erection 
with  limited  head  room.  The  units  to  be  tested  are  so  large  that 
an  integrator  of  the  greatest  possible  size  would  be  required  for 
accurate  work.  Grondahl  constructed  an  oblong  box,  painted  it 
white  on  the  inside  and  inserted  a  diffusing  window  in  one  face, 
the  brightness  of  which  was  read  by  means  of  a  Brodhun  street 
photometer.  He  determined  the  illumination  of  the  window  due 
to  a  carbon  lamp  held  in  various  positions  in  the  box.  A  screen 
was  used  between  the  window  and  the  lamp  to  cut  off  direct 
light  from  the  lamp  under  test.  The  results  were  quite  sensitive 
to  the  position  of  the  lamp  in  the  box. 

He  next  tried  an  oblong  box  with  truncated  corners  for  the 
determination  of  the  efficiencies  of  units  of  more  or  less  con- 
centrated distribution,  and  compared  the  results  with  values  cal- 
culated from  the  distribution  curves.  Where  the  distribution  was 
fairly  uniform,  the  results  were  good,  but  in  several  cases  where 
the  light  was  concentrated  in  less  than  one  hemisphere,  errors 
of  6  to  7  i)er  cent  occurred. 

'Sec  "A  Hox  Phofomoti'r"  by  [<.  O.  (iroiul.ilil.  'I'kans.  I.  I).  S.,  1016,  i)p.  15.'. 
and  "The  Whitiiu<l  Ciihr  as  a  Precision  IntrKratiiiK  Pliototnrtor."  II.  Hucklcy,  Jour. 
of  the  Inst,   of  nice.   ling.,   London,  Jan.,    10-' i. 
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Buckley  used  a  cube  and  worked  out  a  very  ingenious  method 
for  calculating  the  proper  correction  factor  from  the  shape  of  the 
distribution  curve.  By  the  use  of  a  concentrated  beam  of  light 
he  determined  what  he  calls  the  contribution  coefficient,  or  the 
relative  amount  of  illumination  on  the  observing  window  due  to 
a  given  incident  flux  for  various  parts  of  the  cube.  In  this  way 
he  mapped  out  the  entire  interior  surface.  From  the  contribution 
coefficients  of  the  various  parts  of  the  interior  of  the  cube  and 
the  shape  of  the  distribution  curve  of  the  unit  under  test  he  cal- 
culated the  amount  of  illumination  of  the  observation  window  as 
a  function  of  the  distribution  curve  shape  and  hence  determined 
a  factor  for  each  type  of  curve  in  order  to  reduce  all  readings 
to  correct  relative  values.  This  method,  although  apparently  quite 
involved,  gave  accurate  results. 

The  box  photometer  while  giving  satisfactory  results  in  the 
intercomparison  of  light  sources  of  similar  distribution  did  not 
promise  sufficiently  good  results  in  the  determination  of  the 
efficiencies  of  units  with  distribution  as  varied  as  that  of  those 
under  test  in  this  laboratory.  The  method  of  Buckley  while 
giving  accurate  results  seemed  too  much  involved  for  con- 
v^eniently  handling  a  large  amount  of  routine  work.  It  was 
thought  that  the  regular  icosahedron  might  offer  the  advantages 
of  the  box  photometer  in  ease  of  construction,  and  at  the  same 
time  give  results  whose  accuracy  would  be  comparable  with  that 
obtained  in  the  use  of  the  true  sphere.  Accordingly  in  order  to 
determine  the  advisability  of  erecting  a  full  size  integrator  of  this 
type,  a  30-inch  model  was  constructed  for  comparison  with  a 
30-inch  sphere.  Models  of  large  units  were  made  on  an  appro- 
priate scale  for  test  in  the  30-inch  icosahedron. 

GEOMETRY  OF  THE  ICOSAHEDRON 

Before  describing  the  experimental  work,  a  brief  description 
of  the  geometrical  properties  of  the  regular  icosahedron  will  be 
given.  It  is  a  solid  bounded  by  twenty  equal  equilateral  triangular 
faces  and  has  twelve  apexes  and  thirty  edges.  Three  views  of 
it  are  shown  in  Figure  i  together  with  the  relative  values  of  the 
principal  dimensions.  A  development  is  shown  in  the  upper  half 
of  Figure  2.  This  solid  has  the  advantage  of  having  all  of  its 
faces  equal  and  of  simple  form  which  makes  for  ease  in  con- 
struction. 
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Fig.     I. — Geometrical     form     of     regular     icosahcdron     showing     relative 
values  of  principal  dimensions. 


Door 


Development 

Fig.    2. — Dcvelopnunt    of    rc^sMilar    iros.ihcdroii    .uul    sections    used    in    flu 
cotistrnif ion   of  the   ,v  incli   iikkIcI. 


Fig.  3. — Showing  light  distribution 
in  30-inch  icosahedron  due  to  a  beam 
projected  on  opal  glass  from  outside. 


Fig.  4. — Showing  light  distribution 
in  the  30-inch  icosahedron  due  to  a 
narrow  beam  projected  onto  one  side 
through  the   open   door. 


Fig.   5. — Set-up  of  model  deep  dome  reflector  in  30-inch  icosahedron. 
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construction  of  the  30-inch  modei. 

In  the  construction  of  the  30-inch  model  the  twenty  sides  were 
cut  out  of  heavy  cardboard  and  bound  together  with  binding 
paper  into  two  sections  as  shown  in  the  lower  part  of  Figure  2. 

The  smaller  section  of  five  triangles  was  used  for  the  door  and 
the  larger  section  for  the  body  of  the  icosahedron.  After  the 
assembly  had  reached  this  point  the  panels  were  shellaced  and 
given  two  coats  of  Kalco  cold  water  paint.  The  resulting  sur- 
face was  quite  satisfactory  both  in  whiteness  and  diffusion.  After 
the  assembly  was  completed,  wooden  frames  were  built  around  the 
door  and  doorway  giving  a  very  stiff  construction.  The  apex 
opposite  the  door  was  truncated  and  the  observation  window  of 
white  diffusing  glass  inserted  here.  The  readings  were  taken  by 
means  of  a  Macbeth  illuminometer  sighted  on  the  diffusing  win- 
dow. 

THE  UGHT  ACTION   IN  THE  ICOSAHEDRON 

The  light  action  in  the  icosahedron  is  far  from  being  as  simple 
in  theory  as  the  light  action  in  the  sphere.  While  a  complete 
mathematical  analysis  of  the  light  action  has  not  been  attempted, 
a  cursory  examination  of  the  action  between  two  adjacent  faces 
of  the  icosahedron  shows  that  a  given  section  of  one  face  con- 
tributes a  very  different  intensity  of  illumination  at  various  points 
on  the  next  face.  The  irregularities  in  the  illumination  on  a  face 
more  remote  are  found  to  be  less  but  still  appreciable.  The  light 
action  is  brought  out  fairly  well  by  Figure  3  and  Figure  4.  Figure 
3  shows  the  distribution  of  light  from  a  beam  projected  from 
the  outside  onto  the  diffusing  window.  The  bright  area  around 
the  window  corresponds  approximately  to  the  region  of  maxi- 
mum brightness  determined  by  calculation.  The  practical  effect 
of  this  condition  has  been  to  make  it  necessary  at  times  in  the 
tests  on  the  model  lighting  units,  to  use  screens  larger  than  neces- 
sary to  shield  the  gkiss  window  from  direct  light,  otherwise  wlien 
the  area  near  the  window  is  subjected  to  an  illumination  con- 
siderably greater  than  the  average  value  on  other  parts  of  the 
icosahedron  high  readings  would  result.  Tn  the  efficiency  deter- 
minations the  screens  were  made  large  enough  to  shield  this  area 
from  direct  light  of  the  unit  and  this  precaution  seemed  to  elimi- 
nate the  trouble. 
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Figure  4  shows  the  Hght  distribution  due  to  a  concentrated 
beam  projected  into  the  icosahedron  with  the  door  removed. 
SHght  differences  in  illumination  on  the  various  faces  are  shown 
here,  the  face  on  which  the  beam  is  incident  is  especially  dark 
since  it  is  illuminated  only  by  reflections  of  a  higher  order  than 
any  of  the  other  faces. 

The  observation  window  was  placed  at  an  apex  rather  than 
on  a  face  because  in  the  latter  position  the  window  would  not  re- 
ceive any  direct  illumination  from  the  face  in  which  it  was  in- 
serted. A  window  of  infinitesimal  size  inserted  at  an  apex  would 
receive  light  from  only  fifteen  of  the  twenty  sides,  but  practically, 
the  finite  size  of  the  window  results  in  its  being  illuminated  in 
part  by  all  of  the  faces  of  the  icosahedron.  In  the  large  icosahe- 
dron which  has  now  been  constructed  the  observation  window  is 
no  larger  than  the  one  used  in  the  present  work,  hence  the  extra 
area  to  be  shielded  around  the  window  is  relatively  much  less. 
For  this  reason  it  is  expected  that  the  lo-foot  icosahedron  will 
give  if  anything,  more  satisfactory  results  than  the  30-inch  model. 

ExPERIMENTAIv  WORK 

For  convenience  in  discussion,  the  experimental  work  may  be 
divided  into  the  following  sectioi":s : 

1.  Test  of  effect  of  change  in  position  of  light  source  in  the 
icosahedron  on  the  readings,  by  means  of  a  scale  model  of  a 
Colonial  Reflecto-IwUx  Post  Top. 

2.  Determination  of  effect  of  light  distribution  by  setting  the 
model  skirted  cone  enamelled  steel  reflector  at  different  angles 
in  the  icosahedron. 

3.  Comparison  of  efficiencies  of  the  model  Post  Top  as  de- 
termined in  the  30-inch  sphere  and  in  the  30-inch  icosahedron. 

4.  Comparison  of  efficiencies  of  model  reflector  as  determined 
by  the  icosahedron  and  by  calculation  from  distribution  curves 
on  unit  and  bare  lamp. 

I.  For  the  first  and  third  tests  the  model  Post  Top  was  made 
of  such  a  size  that  it  would  bear  the  same  relation  to  the  3Q-inch 
sphere  as  the  full  sized  unit  would  bear  to  a  lo-foot  sphere.    The 
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form  of  its  distribution  curve  is  shown  in   Figure  6    (f).     A 
Mazda  B  automobile  headlight  lamp  was  used  as  the  light  source. 


View  from  Top 


id) 
View  from  boorvof 


btitrtkx/lton   Cum  of 
Podel  RUl.  ReflecJor. 


(t>) 
View  from  boorwau 


Door 


(c)     5k)e  View 


in 

CmtnbiAion  Cirve  of 
nodtl   Fbal  Top. 


Fig.  6. — Chart  showing  position  of  model  units  during  test  in  30-inch  icosahedron, 
as  well  as  the  forms  of  the  distribution  curves  of  the  model   units. 

The  first  series  of  readings  were  taken  with  the  axis  AB 
(see  Figure  6  (f)  ),  horizontal  and  the  position  varied  as  shown 
in  Figure  3  (a).  The  unit  was  kept  at  the  height  of  the  window, 
a  little  more  than  half  way  up  from  the  lower  face  of  the  icosa- 
hedron. Table  I  gives  the  results  of  this  test,  each  value  given 
representing  the  average  of  five  readings. 


TABLE  I. 


Position — see  Fipiire  6  (a) 
Relative  value  of  readings 

I 
8.44 

2 
8.80 

3 

8.45 

The  next  test  using  the  model  Post  Toj)  was  intended  to  show 
the  effect  of  change  in  direction  of  tlic  light  in  the  icosahedron. 
For  the  various  positions,  the  unit  was  rotated  in  a  plane  perpen- 
dicular to  the  window  and  to  one  side  of  it  as  shown  in  Figure 
6   (c).     Numbers  4  to   1 1    represent  averages  of  five   readings 
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taken  with  the  center  of  rotation  at  "O."  Numbers  from  4a  to 
iia  represent  the  same  setting  except  that  the  hght  center  "U" 
instead  of  "O"  was  kept  fixed  as  the  unit  was  rotated.  Table  II 
gives  the  results  of  these  observations. 

TABLE  II. 


Position 

Relative  value 
of  readings 

Position 

Relative  value 
of  readings 

4 
5 

6 

7 
8 

9 
10 
II 

8.30 
8.18 
8.70 
8.90 
8.80 
8.78 
8.74 
8.23 

4a 
5a 
6a 
7a 
8a 
9a 
loa 
iia 

8.43 
8.39 

8.58 
8.81 

8.88 
8.80 
8.52 
8.74 

Max.  difference  0.72 

Max.  difference  0.49 

As  is  to  be  expected,  the  series  4a-iia  show  less  variation  than 
the  preceeding  series,  the  maximum  difference  of  0.49  represent- 
ing about  the  maximum  difference  among  individual  readings  on 
the  same  value.  These  results  lead  us  to  believe  that  the  irregu- 
larities in  the  series  4- 11  were  due  as  much  to  change  in  the  dis- 
tance between  light  center  and  the  walls,  as  to  differences  in  the 
direction  of  the  light.  Positions  12-19  and  I2a-I9a  were  similar 
to  the  preceeding  set  except  -that  the  plane  of  rotation  was  parallel 
to  the  window  and  the  center  of  rotation  opposite  the  window 
Figure  6  (b).  The  readings  12-19  are  with  the  center  of  rota- 
tion at  "O"  and  12a- 19a  with  the  center  of  rotation  at  "U,"  the 
light  center  of  the  unit.     The  results  are  given  in  Table  III. 

TABLE  III. 


Position 

Relative  value 
of  readings 

Position 

Relative  value 
of  readings 

12 
13 
14 

15 
16 

17 
18 

19 

8.42 
8.57 
8.37 
8.36 

8.34 
8.20 

8.15 
8.00 

12a 
13a 

14a 
15a 
1 6a 
17a 
iSa 
19a 

8.21 
8.42 
8.42 

8.34 
8.56 

8.II 
8.16 
8.39 

Max.  difference  0.57 

Max.  difference  0.45 
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These  results  show  irregularities  slightly  greater  than  the  ex- 
perimental error  in  readings  but  small  considering  the  extreme 
variation  in  conditions. 

2.  For  test  number  2,  a  model  skirted  cone  enamelled  steel  re- 
flector was  made  representing  a  14-inch  reflector  to  the  same 
scale  as  used  for  the  Post  Top.  The  angle  of  cut  off  was  changed 
from  the  standard  value  to  65°  in  order  to  give  a  more  concen- 
trated distribution  of  light  and  hence  exaggerate  the  irregularities 
inherent  in  the  use  of  such  a  source.  The  distribution  curve  for 
the  unit  is  given  in  Figure  6  (e).  For  the  various  positions,  the 
unit  was  turned  in  a  plane  parallel  to  the  window  as  shown  in 
Figure  6  (d).    The  results  of  this  test  are  given  in  Table  IV. 

TABLE  IV. 


Angle  in  degrees 
Relative  value  of  readings 

0 

7.02 

30 
7.07 

60 
6.94 

90 
6.98 

120 
7.02 

150 
7.02 

180 
7.16 

The  center  of  rotation  of  the  unit  was  at  the  height  of  the 
window,  a  little  more  than  half  way  up  from  the  lower  face  of 
the  icosahedron.  These  readings  were  taken  by  a  different  ob- 
server and  the  limit  of  error  in  individual  readings  is  somewhat 
less  than  in  the  preceding  work.  The  high  value  at  180°  prob- 
ably represents  a  real  increase,  and  may  be  due  to  the  fact  that  the 
unit  is  nearest  to  the  upper  face  of  the  icosahedron.  The  set 
up  for  this  test  is  shown  in  the  photograph  Figure  5.  For  the 
sake  of  comparison  some  results  of  investigators  using  true 
spheres  may  be  interesting.  Bloch-  in  determining  the  best  loca- 
tion for  lamps  under  test  in  the  sphere  obtained  the  following  re- 
sults, as  shown  in  Table  V. 


TABLE  V. 


Source 

SCP 

Relative 
vnliie 

Source  nt  center 

h/r  0.    I               1 

Read- 
ings 

Relative 
value 

Read- 
ings 

Relative 
value 

Carbon  fil. 
6'Aini).  ;u(' 
15  Amp.  arc 

21. 1 
225 

I  (XX) 

I 
12. 1 
47-3 

43 

473 

tS(Xi 

I 
I  I 
41.8 

44-5 

550 
2000 

I 
>2.3 

46..^ 

This  tabic  shows  the  variation  due  to  clians^o  in  position  of  the 
source,  and  also  indicates  that  the  best  position  for  intor-com- 
parison  of  diiVcrcnt   sources  is   in   the   eccentric   position.     The 

«UIoch;  lllrcttolfch  Zftt.,  46,  \t.  107.J,    i-jds 
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value  h/r  is  the  ratio  of  the  displacement  of  the  source  from  the 
center  of  the  sphere  to  the  radius  of  the  sphere. 

In  their  paper  on  the  88-inch  sphere  of  the  Bureau  of  Standards, 
Rosa  and  Taylor^  describe  a  test  to  show  the  variation  due  to 
change  in  position  of  a  icx)-watt  bare  lamp  from  the  center  to  a 
point  near  the  v^all.  The  extreme  variation  given  is  slightly 
over  3  per  cent. 

3.  Tests  3  and  4  were  intended  to  show  what  could  be  ex- 
pected of  the  icosahedron  in  the  determination  of  efficiencies  of 
luminaires  when  all  precautions  were  taken  that  are  ordinarily  ob- 
served in  order  to  get  the  best  results  in  the  use  of  the  true 
sphere.* 

In  the  determination  of  the  efficiencies  of  the  model  Post  Top 
and  the  skirted  cone  reflector  the  unit  was  in  position  during  both 
sets  of  readings  in  order  to  balance  out  as  far  as  possible  the 
effect  of  the  light  absorption  of  the  unit.  The  bare  lamp  and 
unit  were  set  up  in  positions  of  symetry  with  respect  to  the  win- 
dow. Three  screens  were  used,  one  between  the  window  and  unit, 
one  between  the  window  and  bare  lamp,  one  between  the  unit 
and  bare  lamp. 

The  results  of  the  test  on  the  efficiences  of  the  model  Post 
Top  as  determined  in  the  30-inch  icosahedron  and  in  the  30-inch 
sphere  are  given  in  Table  VI. 


TABLE  VI. 

By  30-inch  Icosahedron 

Individual  readings 

Average 

Bare  lamp 

5-35 

5-05 

5.25 

5-30 

5-23 

5-24 

Unit 

2.51 

2.49 

2.52 

2.48 

2.53 

2.50 

Efficiency  47.7  per  cent 

By  30-inch  Sphere 

Bare  lamp 

3-40 

3-40 

3-37 

3.22 

340 

336 

Unit 

1-52 

1.56 

1.57 

1-53 

1-55 

1-55 

Efficiency  46.2  per  cent 

4.  The  efficiency  of  the  model  skirted  cone  reflector  was  de- 
termined by  calculation  from  the  distribution  curves  of  the  bare 
lamp  and  unit,  in  order  to  get  a  check  independent  of  the  sphere 
readings.    The  results  are  given  in  Table  VII. 

«  "The  Photometric  Sphere,  Its  Construction  and  Use,"  Rosa  and  Taylor,  I.  E.  S., 
1916,  Vol.    II,  p.  453- 

*  "Notes  on  the  Integrating  Sphere  and  Arc  I^amp  Photometry,"  by  N.  K.  Chiney 
and  K.   ly.   Clark,  I.   E.   S.,    191S,  Vol.   X,  p.    i. 
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TABLE  VII. 


By  Icosahedron 
Bare  lamp 
Unit 

Individual  readings 

Average 

5.52 
4.20 

5-75 
4.20 

5.60 
4.23 

5-55 
4.12 

5.70 
4.33 

5.63 
4.22 

Efficiency  75  per  cent 

By  Distribution  Curve  Calculations 
Efficiency  74  per  cent 

The  test  of  the  model  Post  Top  in  the  sphere  brought  out  the 
fact  that  the  icosahedron  is  much  more  roomy  and  convenient  to 
work  in  than  a  sphere  of  the  same  height.  The  arrangement  of 
screens  in  the  30-inch  sphere  was  found  to  be  very  troublesome 
due  to  the  limited  space  hence  it  was  thought  desirable  to  test 
the  model-skirted  cone  reflector  by  the  distribution  curve  method 
in  order  to  get  a  more  accurate  check  on  the  finding  of  the 
icosahedron. 

CONCI.US10NS 
These  efficiency  determinations,  especially  the  one  on  the  model- 
skirted  cone  reflector  are  considered  quite  satisfactory  for  com- 
mercial work.  The  results  of  tests  i  and  2  representing  exagger- 
ated conditions,  indicate  that  irregularities  in  distribution  of  light 
that  would  make  efficiency  determinations  from  distribution 
curves  almost  impossible  will  not  seriously  interfere  with  satis- 
factory determinations  of  efficiencies  in  the  icosahedron. 

That  satisfactory  results  can  be  obtained  in  the  icosahedron  in 
spite  of  its  theoratically  irregular  action  is  due  partly  to  the 
multiple  reflections  which  tend  to  wash  out  the  irregularities,  and 
partly  due  to  the  fact  that  under  working  conditions  the  illumina- 
tion is  not  nearly  so  concentrated  as  that  shown  in  Figures  3  and 

4. 

A  high  reflection  coefficient  for  the  walls  is  evidently  of  prime 
importance  for  the  successful  operation  of  the  icosahedron,  being 
even  more  vital  to  success  than  when  a  true  sphere  is  used. 

It  is  felt  that  as  a  substitute  for  the  small  spheres  used  in  re- 
flection factor"^  work  where  a  concentrated  beam  is  used  as  the 

'  "The  Use  of  tlic  Ulhricht  Sphere  in  Measuring  Reflection  and  Transmission 
Factors,"  ICnoch  Karrer,  Jour.  Amcr.  Optical  Soc,  Jan.,  nj^i,  and  "A  Simple  Portable 
Rcflcctomctcr  of  the  Absolute  Type,"  A.  11.  Taylor,  Jour.  Amcr.  Optical  Soc, 
Jan.,    IQ20. 
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light  source,  the  icosahedron  would  be  far  from  satisfactory.  As 
a  matter  of  fact  there  would  be  little  point  in  departing  from  the 
spherical  shape  for  such  instruments  since  a  small  sphere  is 
about  as  easy  to  construct  as  a  substitute  solid.  For  large  inte- 
grators, however,  the  icosahedron  has  two  great  advantages, 
greater  simplicity  in  construction  and  greater  roominess  as  com- 
pared with  the  true  sphere. 

As  a  result  of  this  work,  it  was  decided  to  construct  an  icosa- 
hedron 10  feet  high  for  the  testing  of  large  lighting  units.  This 
has  now  been  constructed.  The  panels  are  of  heavy  composition 
board ;  these  are  fastened  together  at  the  angles  by  means  of  strips 
of  heavy  sheet  iron.  The  door  includes  five  sides  of  the  icosa- 
hedron as  in  the  case  of  the  model,  thus  allowing  the  largest 
units  to  be  set  up  conveniently.  In  order  to  enable  efficiency 
determinations  to  be  made  conveniently  as  a  check  on  the  dis- 
tribution curve  work,  the  icosahedron  is  provided  with  a  coupling 
similar  to  the  one  on  our  new  distribution  photometer  so  that 
a  unit  may  be  removed  from  the  distribution  photometer  and 
set  up  in  the  icosahedron  by  simply  disconnecting  this  inter- 
changeable coupling.  The  coupling  carries  the  electrical  con- 
tacts so  that  the  unit  is  automatically  placed  in  circuit  when  fixed 
in  place. 

It  may  be  found  advantageous  to  determine  all  efficiencies  by 
means  of  the  icosahedron  even  when  a  distribution  curve  is  to  be 
determined.  In  this  case  the  distribution  photometer  work  will 
involve  finding  the  shape  of  the  curve  only,  the  relative  values 
being  reduced  to  the  correct  values  according  to  the  value  of  the 
efficiency.  In  this  case,  the  maintenance  of  primary  standards 
will  not  be  necessary  for  the  work,  since  the  shape  of  the  dis- 
tribution curve  and  the  efficiency  will  furnish  complete  data  for 
the  test.  It  will  only  be  necessary  for'  meters  and  lamps  to 
remain  constant  for  the  duration  of  the  test. 

An  extensive  test  of  the  large  icosahedron  is  now  being  carried 
out  and  it  is  expected  that  fairly  complete  test  data  will  shortly 
be  available. 

DISCUSSION 

C.  M.  DooLiTTLEj:  Those  of  you  especially  who  have  been 
directly  connected  with  the  work  of  taking  distribution  curves  will 
realize  how  difficult  it  is  sometimes  to  get  the  proper  values  of 
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efficiency  by  that  method,  particularly  where  the  unit  is  at  all 
irregular  in  its  distribution  of  light.  For  instance  paneled  units 
and  units  of  rippled  glass,  ribbed  glass  and  irregular  glass  of 
all  sorts,  very  frequently  produce  spots  of  light  or  light  and  dark 
streaks.  While  it  is  possible  to  determine  the  efficiency  on  such 
units  by  means  of  the  distribution  photometer,  it  entails  a  tre- 
mendous amount  of  work  because  it  is  necessary  to  take  a  large 
number  of  readings.  The  use  of  the  icosahedron  or  any  other 
integrating  device  means  a  great  saving  in  time  and  labor. 

Several  days  ago,  someone  brought  up  the  question  whether 
a  unit  with  a  very  concentrated  distribution  of  light  could  be 
accurately  measured  in  a  device  of  this  sort.  That  can  be 
answered  in  this  way :  the  model  was  actually  tested  out  with  two 
units  of  very  widely  different  distribution  and  found  to  be  suf- 
ficiently accurate.  For  a  unit  of  a  very  concentrated  distribution, 
it  might  possibly  be  that  a  somewhat  larger  error  could  be  ex- 
pected, but  in  that  case  the  icosahedron  could  be  calibrated  with 
a  particular  value  for  units  of  high  concentration.  It  is  not  likely 
that  units  of  that  sort  will  be  encountered  in  more  than  two  or 
three  cases  perhaps  out  of  one  hundred,  and  for  such  cases  it 
would  be  possible  to  take  a  very  long  series  of  distribution  curve 
readings  on  a  concentrated  unit  and  then  set  that  in  the  icosa- 
hedron and  determine  the  calibration  for  units  of  that  particular 
distribution.  If  there  were  any  other  sorts  of  distribution  which 
were  so  very  peculiar  as  to  possibly  throw  out  the  calibration,  the 
same  method  might  be  applied. 

One  very  interesting  application  of  the  icosahedron  is  in  con- 
nection with  testing  a  number  of  units  very  quickly.  A  manufac- 
turer of,  say,  diffusing  globes  of  some  sort,  desiring  to  know  the 
average  distribution  or  efficiency  values  of  his  product,  could 
easily  send  in  five  or  ten  globes  or  even  more,  for  test.  When  one 
of  these  units  is  set  up  in  place  it  is  a  very  simple  matter  to  take 
readings  on  a  whole  group  of  similar  globes.  You  simply  open  the 
door  of  the  icosahedron,  slip  another  globe  in  place  and  take 
another  set  of  readings,  almost  as  quickly  as  sphere  readings 
could  be  taken  on  large  bare  lamps. 

A.  II.  Taylor:  'I'his  paper  is  of  considerable  interest  to  me 
because  I  have  done  a  great  deal  of  work  with  the  integrating 
sphere  and  T  am  interested  to  see  how  this  compares  in  i>recision 
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with  the  sphere.  Just  considering  the  thing  purely  from  a  casual 
viewpoint,  it  appears  to  me  that  the  authors  might  get  a  still  fur- 
ther increase  in  accuracy  by  rounding  out  the  corners  slightly 
with  a  little  bit  of  plaster  or  something  else  to  get  away  from 
all  sharp  angles. 

On  Page  298,  the  author  has  referred  to  some  work  which  I 
reported  on  at  a  convention  about  six  years  ago,  on  an  integrating 
sphere,  in  which  I  showed  that  by  moving  a  lamp  toward  the 
door  of  the  sphere  we  had  a  falling-off  of  sphere  window  in- 
tensity of  a  total  of  3  per  cent  in  the  range  that  we  moved  it. 
This,  by  the  way,  was  done  by  moving  the  lamp  toward  the  wall 
which  was  screened  from  the  sphere  window. 

In  a  publication  of  the  Bureau  of  Standards  which  is  now  in 
press,  I  show  that  I  account  for  this  almost  perfectly  by  reason 
of  the  fact  that  as  you  move  the  lamp  closer  to  the  wall  in  that 
way,  more  and  more  light  falls  on  the  areas  that  are  screened 
from  the  window,  and  has  to  be  reflected  at  least  twice  before 
any  of  it  reaches  the  window.  The  theoretical  curve  I  ob- 
tained from  computations  on  that  basis  agrees  almost  perfectly 
with  the  observed  curves,  so  I  think  that  is  the  whole  explana- 
tion. 

I  would  like  to  ask  the  authors  whether  they  can  give  us  any 
estimate  of  the  cost  of  the  ten-foot  icosahedron  as  compared 
with  the  ten- foot  sphere? 

F.  E.  Cady:  It  is  very  interesting  to  see  the  developments 
which  have  come  in  the  way  of  integrating  photometers  since  the 
time  of  the  Matthews  instrument,  and  the  number  of  variations 
of  the  idea  of  the  sphere  some  of  which  are  referred  to  in  the 
paper;  nothing  however  is  said  in  here  regarding  the  method  of 
using  screens  or  the  character  of  the  window.  I  presume  pos- 
sibly the  same  type  of  window  is  used  as  that  in  the  ordinary 
sphere,  but  I  would  like  to  ask  the  authors  whether  anybody  has 
done  anything  in  connection  with  the  determination  of  the  proper 
position  of  the  screen.  Of  course,  in  a  sphere  where  the  mathe- 
matics are  relatively  simple,  it  is  not  difficult  to  compute  the 
proper  position  of  the  screen,  but  if  the  mathematics  of  this 
icosahedron  are  not  thoroughly  understood,  it  seems  to  me  there 
might  be  there  a  possible  source  of  error,  which  should  be  taken 
into  consideration. 
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F.  A.  Bdnford:  In  regard  to  the  probable  accuracy  of  this 
instrument,  I  think  the  lantern  slide  that  we  saw  a  minute  ago 
explained  what  might  possibly  happen  if  you  used,  we  will  say, 
a  lamp  with  a  band  refractor  or  some  unit  that  gives  very  con- 
centrated beams  in  some  direction. 

I  think  this  instrument  would  have  dubious  values  if  you  ran 
into  extremes  of  photometric  distribution. 

C.  H.  Sharp:  I  suppose  it  may  be  said  that  the  nearer  any 
enclosure  approaches  to  a  sphere,  the  more  perfect  it  becomes  as 
an  integrator,  and  the  sphere  being  the  ideal  toward  which  they 
all  approach,  by  taking  twenty  sides,  a  pretty  close  approach  has 
been  made  to  the  sphere. 

I  think  it  would  have  been  well  if  the  authors  had  recalled  the 
paper*  presented  by  Dr.  Carl  Hering  before  this  Society  some 
thirteen  years  ago,  in  which  he  discussed  mathematically  dif- 
ferent solids  with  respect  to  their  efficiency  as  integrators,  and 
he  considered  not  only  the  regular  icosahedron  but  a  number  of 
other  solids  with  a  smaller  number  of  sides.  If  I  remember 
correctly  he  had  in  mind  using  regular  mirrors,  not  diffusing 
surfaces,  considering  that  then  the  integration  would  be  rather 
a  summation  of  individual  beam  intensities,  somewhat  similar  to 
what  was  made  by  the  Matthews  photometer,  only  lacking  the 
complications  of  smoked  glasses  and  so  forth  that  the  Matthews 
photometer  had.  It  was  a  very  interesting,  very  able  article,  and 
deserves  mention  in  connection  with  this  very  practical  paper  on 
the  regular  icosahedron. 

B.  E.  Shackelford:  I  was  very  much  interested  in  Mr. 
Taylor's  comment  relative  to  rounding  the  corners,  because  that 
is  one  of  the  things  which  we  have  felt,  from  the  beginning, 
that  we  would  possibly  want  to  do  but  so  far  we  have  not  made 
up  our  minds  that  it  will  be  necessary. 

Referring  to  Mr.  Taylor's  ])ai)cr  which  is  now  in  press,  as  to 
the  reason  for  the  change  of  position  of  the  unit  in  the  sphere, 
we  have  felt  that  the  same  reason  held  in  our  own  case,  and 
we  did  not  bring  out  that  point  in  the  paper  particularly  because 
it  is  of  tJK'  nature  of  a  jtreliminary  rej)ort  and  wc  hoiK-  later  to 

•  MdiiiK,     ("arl,     "Mcastiriiits'     Sphcricril     Candlt^powrr    hy     AvoiaKinR;     tlu"     K'liial 
Subdivision    of    the    Splurc,"    Tkans.    I.     !•).     S.,     ioi><),     I\',    p.    j<;.|. 
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take  up  some  of  these  various  effects.  From  a  practical  stand- 
point, that  is  not  quite  as  important  as  it  is  from  a  technical  view- 
point. 

Referring  to  Mr.  Cady's  question  as  to  the  character  and  posi- 
tions of  the  screens,  we  have  done  some  work  on  that  so  far, 
the  first  result  being  that  the  screens  are  considerably  larger 
than  they  would  be  in  the  case  of  a  sphere.  They  very  much  more 
than  cover  the  window,  and  a  third  screen  is  between  the  unit 
and  the  lamp.  The  unit  is  always  in  position,  whether  the  lamp 
is  being  photometered  in  the  unit  or  in  the  outside  receptacle.  As 
to  the  character  of  the  window,  we  are  using  the  same  type  of 
glass,  and  a  similar  set-up  to  that  used  on  the  sphere  photometers. 
The  full  size  apparatus  has  been  up  only  a  matter  of  a  few  weeks ; 
naturally  we  have  been  able  to  get  what  you  m.ight  call  complete 
data  on  only  a  few  points.  We  hope  that  when  we  accumulate 
further  information  we  will  be  able  to  give  a  more  complete  re- 
port. 

Referring  to  Mr.  Benford's  comments,  I  believe  he  mentioned 
it  was  his  understanding  that  the  window  was  in  the  side  or  in 
one  of  the  sides.  It  is  at  one  of  the  apexes,  and  it  is  very  small 
of  course,  relative  to  the  side.  The  edge  of  the  sides  is  ap- 
proximately 6.5  feet,  so  the  window  is  more  or  less  of  a  point. 

We  do  get  the  rings  and  circles,  but  using  the  large  screens  and 
for  the  various  units  that  we  have  tried,  we  have  found  that 
there  appears  to  be  less  error  and  less  cause  of  variation  in  the 
icosahedron  determination  than  there  is  either  in  the  distribution 
curve  method,  where  it  is  very  difficult  at  times  to  get  zonal  read- 
ings, or  in  the  use  of  the  available  spheres.  Perhaps  Mr.  Ben- 
ford's  own  apparatus  in  cases  of  the  kind  gets  around  some  of 
these  troubles  in  a  better  fashion,  but  we  feel  that  in  the  icosa- 
hedron we  have  certain  practical  advantages  that  make  it  a  very 
useful  piece  of  apparatus. 

Dr.  Sharp  mentioned  Dr.  Hering's  paper,  and  we  should  have 
made  mention  of  that  at  the  time  this  paper  was  written.  We 
omitted  that  not  because  of  any  lack  of  feeling  of  obligation  for 
this  previous  work,  but  because  we  were  treating  this  from  the 
start  mainly  as  a  practical  proposition.  A  future  more  complete 
paper  will  have  some  discussion  of  the  relation  between  the 
two. 
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STANDARD  SYSTEM  OF  LIGHTING  FOR 
POST  OFFICES 


Establishment  of  a  standard  system  of  lighting  in  all  post 
ofiBces  has  been  strongly  recommended  in  a  report  just  submitted 
to  the  Post  Office  Department  by  the  Office  of  Industrial  Hygiene 
and  Sanitation  of  the  United  States  Public  Health  Service.  This 
report,  the  result  of  an  elaborate  survey  conducted  at  the  special 
request  of  Postmaster-General  Work,  maintains  that  millions  of 
dollars  will  be  saved  through  increased  speed  in  the  work  of 
postal  employees  provided  that  a  complete  change  is  effected  in 
the  illumination  of  workrooms  of  post  offices  throughout  the 
country. 

Virtually  all  the  work  performed  in  post  offices  with  the  ex- 
ception of  that  of  laborers  depends  primarily  upon  the  use  of  the 
eyes,  making  the  question  of  illumination  of  paramount  impor- 
tance in  decreasing  or  increasing  its  rapidity  and  accuracy.  Con- 
ducting a  thorough  and  technical  study  of  lighting  over  a  long 
period  of  time  at  two  representative  post  offices,  one  modern 
and  the  other  of  the  old  type,  the  experts  observed  almost  five 
thousand  postal  workers  employed  constantly  in  handling  the 
mails  both  under  artificial  and  natural  light. 

They  found  that  illumination  in  many  post  offices  was  low  in 
intensity  and  unsatisfactory  in  quality.  In  some  instances  it 
fell  below  the  requirements  provided  by  the  state  code  of  laws  and 
below  the  artificial  light  furnished  employees  in  private  industries 
doing  similar  work.  A  study  of  the  relationship  between  the 
volume  of  illumination  and  the  strain  on  the  eyes  of  workers  re- 
vealed the  fact  that  there  were  more  eye  defects  among  employees 
working  under  the   averai^e   illumination   of   2   to   3    foot -candles 
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in  the  old  post  office  than  under  the  3  to  4  foot-candles  in  the 
new  post  office.  Sorting  and  separating  mail  in  the  basements 
of  post  office  buildings  was  especially  discountenanced  except 
in  extreme  emergencies. 

In  the  speed  and  accuracy  tests  it  was  found  that  for  the  letter 
separators  there  was  an  average  increase  in  speed,  or  decrease 
in  the  times  of  separation,  of  at  least  4.4  per  cent  when  going 
from  3.6  to  8  foot-candles.  Assuming  that  the  same  relative  in- 
crease of  speed  would  prevail  in  all  the  divisions  of  the  post 
office  where  these  tests  were  made  under  the  same  relative  in- 
crease in  illumination,  an  annual  net  saving,  after  deducting  in- 
creased cost  for  lamps  and  energy,  of  about  $109,000  was  indi- 
cated in  this  post  office  alone. 

The  investigations  recommended  that  there  should  be  installed 
in  the  general  workrooms  and  offices  systems  of  totally  inclosing 
units  of  the  diffusing  or  light-directing  type,  giving  a  general  in- 
tensity when  first  installed  of  10  foot-candles  everywhere  on  a 
horizontal  working  plane  45  inches  above  the  floor.  All  local 
lighting  should  be  done  away  with. 

The  lighting  unit  to  be  installed  in  the  general  workrooms  of 
the  post  office  should  be  of  such  quality  of  glass  and  of  such 
shape  and  size  that  its  surface  brightness  at  any  point  would  not 
exceed  2.5  cp.  per  square  inch  when  used  with  an  incandescent 
lamp  or  other  source  of  light  emitting  3,100  lumens.  This  unit 
should  have  an  output  of  at  least  80  per  cent  of  that  of  the  clear 
lamp  and  a  spherical  distribution  of  its  candlepower  such  that 
at  least  8  per  cent  of  the  light  emitted  by  the  clear  lamp  would 
be  emitted  by  the  unit  through  the  zone  from  0°  to  30°,  at 
least  28  per  cent  from  0°  to  60°,  at  least  48  per  cent  from  0° 
to  90°,  and  at  least  25  per  cent  from  90°  to  180°. 

The  lighting  unit  for  the  offices  of  the  post  office  should  be  of 
such  quality  of  glass  and  of  such  shape  and  size  that  its  surface 
brightness  at  any  point  would  not  exceed  2  cp.  per  square  inch 
when  used  with  an  incandescent  lamp  or  other  source  of  light 
emitting  3,100  lumens.  This  unit  should  have  an  output  of 
at  least  80  per  cent  of  that  of  the  clear  lamp  and  a  spherical 
distribution  of  its  candlepower  such  that  at  least  8  per  cent  of  the 
light  emitted  by  the  clear  lamp  would  be  emitted  by  the  unit 
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through  the  zone  from  0°  to  30°,  at  least  23  per  cent  from  0° 
to  60°,  at  least  43  per  cent  from  0°  to  90°,  and  at  least  35  per 
cent  from  90°  to  180°. 

Both  the  units  for  the  general  workrooms  and  the  offices 
should  be  such  in  number  and  so  spaced  that  the  brightness  of 
the  units  measured  in  lumens  per  square  foot  would  not  be 
more  than  one  hundred  times  as  great  as  the  intensity  of  the 
illumination,  measured  in  foot-candles,  produced  by  them  on  a 
horizontal  plane  45  inches  above  the  floor. 

Recommendations  on  the  care  of  the  lighting  system  and  a  dis- 
quisition on  modern  methods  of  illumination  are  included  in  the 
report. 

LIGHTING  IN  FACTORIES  AND  WORKSHOPS 


The  third  report  of  the  Home  Office  departmental  committee 
(England)  marks  a  new  stage  in  the  treatment  of  the  above 
subject.  The  two  previous  reports  are  first  summarized.  The 
primary  recommendation  contained  in  the  first  report  stated  tiiat 
there  should  be  a  statutory  provision  in  general  terms  requiring 
adequate  and  suitable  lighting  in  every  part  of  a  factory  or 
workshop  and  giving  power  to  the  Secretary  of  State  to  de- 
fine such  lighting.  In  the  second  report  general  requirements  in 
regard  to  avoidance  of  glare,  elimination  of  inconvenient  shad- 
ows and  absence  of  flicker  were  made.  In  the  report  recently 
issued  the  requirements  in  regard  to  glare  are  supplemented  by 
an  indication  that  when  a  brilliant  source  is  covered  by  a  small 
shade  the  brightness  may  considerably  exceed  15  cp.  to  20  cp. 
per  square  inch  and  should  be  treated  as  a  source  and  its  posi- 
tion with  regard  to  the  worker  limited  accordingly.  The  chief 
question  considered  in  the  third  report  is  the  degree  of  illumina- 
tion needed  for  the  actual  carrying  on  of  work.  The  committee 
presents  a  comprehensive  schedule  of  industrial  operation,  divided 
into  two  classes  described  respectively  as  "fine  work"  and  "verv 
finr  work,"  the  former  requiring  3  foot-candles  and  tho  latter 
about  5  foot-candles. — Illuminat'mij  Engineer  {London),  Vol.  is, 
No.  7. 
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MEASUREMENT  OF  LIGHT 


BY  J.   W.   WALSH 


The  fundamental  photometric  magnitude  from,  the  point  of 
view  of  visual  measurement  is,  according  to  the  author,  brightness 
and  not  illumination.  The  photometric  unit  is  one  of  luminous 
intensity  or  luminous  flux.  Of  the  two  possible  systems  of 
definitions  based  on  these  respective  magnitudes,  that  in  which 
the  unit  is  maintained  seems  preferable  because  it  follows  the 
natural  order  of  mental  conception.  The  relation  between  the 
flux  unit  of  brightness  (the  lambert)  and  the  intensity  unit 
(the  candle  per  square  centimeter)  is  pointed  out. — Philosophical 
Magazine,  December,  1922. 

RECENT  DEVELOPMENTS  AND  MODERN  REQUIRE- 
MENTS IN  STREET  LIGHTING 


BY  H.  T.    HARRISON 


In  a  paper  presented  before  the  British  Illuminating  Society 
the  author  refers  to  the  great  importance  of  good  public  lighting 
in  promoting  order  and  safety  in  the  streets.  The  burden  of 
rates  is  one  reason  why  progress  has  been  delayed,  but  improved 
street  lighting  need  not  always  be  at  an  increased  expenditure. 
He  also  pointed  out  that  the  classification  of  streets  on  the  basis 
of  minimum  horizontal  illumination  by  joint  committees  on  this 
subject  in  England  and  the  classification  by  the  street  lighting 
committee  of  the  N.  E.  L-  A.  were  in  close  accord  as  to  the 
amount  of  light. — Blectrical  Times,  Dec.  28,  1922. 

NEON-GLOW  DISCHARGE  LAMP  ON  ALTERNAT- 
ING-CURRENT CIRCUITS 


BY   R.    A.    BROCKBANK   AND   h-    E.    RYALL 


After  giving  the  various  characteristics  of  this  type  of  lamp  by 
means  of  numerous  curves,  the  author  suggests  further  experi- 
ments that  should  be  carried  on  to  determine  future  applications. 
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Among  these  experiments  would  be  a  detailed  study  of  the  lamp 
for  stroboscopic  purposes  at  all  frequencies,  a  study  of  the 
photometric  properties  of  the  lamp  and  experiments  to  determine 
the  possibilities  of  its  use  for  photographic  purposes. — Electrician, 
Jan.  5,  1923. 

TERMINAL  LIGHTING  DEVELOPMENT  ON 
NEW  HAVEN  RAILROAD 


BY  G.  F.   JOHNSON 


Railroad  yard  lighting  is  primarily  space  lighting,  with  the 
following  problems  injected,  namely,  the  presence  of  deteriorat- 
ing gases,  movable  cars  causing  shadows,  lack  of  clearance  be- 
tween tracks  to  place  poles,  the  prevention  of  glare  that  will  in- 
terfere with  the  operation  of  the  trains  through  or  near  the  yards 
and  the  interference  of  the  overhead  propulsion  current  wires. 
Improved  illumination  in  several  of  the  yards  on  this  road  is 
the  result  of  much  study  and  experiment  and  is  briefly  dis- 
cussed.— Railway  Electric  Engineer,  January,  1923. 
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SECTION  ACTIVITIES 


NEW  ENGLAND  Meeting— February  9,  1923 

On  Friday,  February  9th,  Mr.  J.  M.  Shute  of  the  Edison  Lamp  Works 
addressed  the  New  England  Section  at  the  Industrial  Lighting  Exhibit 
on  "Motion  Picture  Signs  and  Colored  Window  Lighting." 

The  psychology  and  motives  underlying  the  use  of  electric  signs  by 
motion  picture  theatres  was  very  well  explained  by  the  speaker.  Photo- 
graphs of  numerous  signs  of  note  were  displayed  showing  the  relation  of 
the  shape  and  type  of  the  sign  to  the  type  of  building. 

In  his  remarks  on  the  colored  lighting  of  show  windows,  Mr.  Shute 
told  of  the  tests  recently  made  showing  the  drawing  power  of  different 
intensities  and  colored  light  on  the  passersby.  Numerous  tests  showed 
that  the  higher  the  intensity  the  greater  the  number  of  people  who  stopped 
to  look  at  the  window.  Changing  the  color  of  light  accomplished  the 
same  effect. 

In  the  discussion,  Mr.  R.  R.  Burnham  called  attention  to  the  care- 
ful study  the  motion  picture  theatre  owner  had  evidently  made  of  his 
possible  patronage  and  his  methods  of  attracting  patrons.  This  was, 
without  question,  a  great  factor  in  the  success  of  this  industry,  and 
should  serve  as  an  example  to  the  rest  of  us. 

Mr.  J.  Daniels  told  of  the  progress  of  motion  picture  signs  in  Boston, 
and  how  old  regulations  had  formerly  prevented  the  installation  of  large 
signs.  However,  this  condition  has  been  changed  and  a  number  of  large 
signs  were  in  the  process  of  erection. 

NEW  YORK  Meeting— February  15,  1923 

The  New  York  Section  held  the  February  meeting  in  the  auditorium 
of  the  Consolidated  Gas  Company  Building,  at  which  time  were  discussed 
two  interesting  papers. 

"Some  Observations  in  Europe,"  by  Dr.  Clayton  H,  Sharp,  Electrical 
Testing  Laboratories,  New  York  City,  and  "Comments  on  the  International 
Standardization  of  Edison  Lamp  Bases  and  Sockets,"  by  Mr.  F.  V. 
Magalhaes,  New  York  Edison  Co.,  New  York  City. 

Dr.  Sharp  and  Mr.  Magalhaes  were  members  of  the  American  dele- 
gation to  the  International  Conference  of  the  International  Electrotechni- 
cal  Commission  held  last  November  at  Geneva,  Switzerland. 

Dr.  Sharp's  talk  covered  the  general  activities  of  the  Conference  held 
in  Geneva,  the  research  conditions  in  England,  and,  mainly,  the  principle 
topic  of  the  Geneva  Conference,  "The  Standardization  of  the  Edison 
Screw  Base." 
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Mr.  Magalhaes'  talk  also  related  to  the  subject  of  the  probable 
standardization  and  international  adoption  of  the  Edison  Lamp  Socket 
and  Base.  Reference  was  made  to  Edison  Standardization  Bulletin,  and 
a  report  of  the  A.  S.  M.  E.,  also,  the  1918  and  1920  theoretical  reports  of 
M.  Zetter.  This  report  did  not  take  into  consideration  any  of  the 
financial  and  other  inconveniences  of  the  standardization,  such  as  adapting 
lighting  fixtures  to  accommodate  the  new  base,  abandonment  of  old  ma- 
chinery, and  the  purchase  of  new  machinery.  Mr.  Magalhaes  outlined 
the  activities  of  the  committee  as  follows :  First  da}^ — Candlebra  and 
miniature  bases.  Most  complicated  and  least  important.  This  subject  was 
dropped  for  the  time  being.  The  discussion  covered  the  possibility  of 
deepening  the  thread.  The  opinion  of  the  representatives  from  England 
seemed  to  be  that  the  standardization  of  the  Lamp  would  be  most  desir- 
able. American  representatives  suggested  that  standardization  of  the 
Base  be  decided  upon,  and  that  the  lamp  standardization  would  auto- 
matically follow.  Second  day — The  general  opinion  seemed  to  favor  the 
standardization  of  the  Edison  Medium  Screw  Base.  It  was  suggested  that 
the  term  "universal"  or  "Edison"  be  used  rather  than  American.  The  definite 
agreement  was  reached  as  follows :  i.  Standardization  on  the  Universal 
socket.  2.  Questions  of  fact  to  be  settled  by  experts  of  both  nations, 
and  report.  3.  Another  meeting  to  be  held  as  soon  as  possible  to  finally 
accept  socket. 

There  were  in  attendance  some  fifty  members  and  guests.  Prior  to  the 
meeting  an  informal  dinner  was  held  at  the  Gramercy  Inn. 

PHILADELPHIA  Meeting— February   13,   1923 

The  Philadelphia  Section  met  at  the  Engineers'  Club  on  February 
13  to  hear  a  paper,  "Reasons  for  Growing  Interest  in  Show  and  Store 
Window  Lighting,"  by  Mr.  J.  R.  Colville,  Engineering  Department  of  the 
National  Lamp  Works,  Cleveland,  Ohio. 

Mr.  Colville  started  his  talk  by  a  brief  comparison  between  present 
day  electric  lamps  and  candle  and  oil  illuminants,  stating  that  the  cost 
per  candlepower  was  now  very  much  less  than  it  used  to  be.  His 
second  division  was  the  development  of  the  means  of  increasing  the 
usefulness  of  the  lamps  by  means  of  proper  reflectors  and  reflecting 
surfaces.  He  called  attention  to  the  still  common  practice  of  using  the 
later  style  lamps  with  old  type  reflectors  for  which  they  were  not  in- 
tended. For  example,  the  use  of  a  long  neck  nitrogen  lamp  in  a  glass 
shade  intended  for  a  carbon  lamp,  in  which  case  the  filament  was  wholly 
exposed  to  view.  The  third  division  of  his  talk  referred  to  the  collection 
of  data  of  value  to  merchants  and  showing  the  benefits  of  good  illumina- 
tion. He  stated  that  increasing  the  intensity  of  illumination  added  to 
the  attractiveness  of  the  store  and  show  windows.  .As  an  illustration. 
two  windows  in  the  same  store  of  un('(|u:il  intensity  were  selected  and  the 
number  of  people  in  the  street  pausing  before  each  were  counted.  The 
illumination  of  the  two  windows  were  then  reversed  and  numl)cr  of 
persons  again  counted.    It  was  found  that  in  both  cases  the  greater  number 


312  TRANSACTIONS  I.  t.  S.,  MARCH,  I923 

paused  in  front  of  the  window  which  had  the  brighter  intensity.  In 
speaking  of  the  use  of  color  in  the  window  he  stated  that  caution  was 
necessary;  to  simply  use  a  color  throughout  the  entire  window  was  an 
attraction  for  a  while  but  unless  artistically  done  it  was  apt  to  be  a 
failure.  Good  results  can  be  obtained  in  connection  with  colored  lamps 
if  a  flood  lamp  is  used  to  bring  out  some  particular  feature  of  the  window 
display.  Flood  lighting  with  high  intensities  can  also  be  used  as  a  means 
of  eliminating  the  reflection  which  is  frequently  noticeable  from  the  glass 
of  the  window. 

Mr.  Colville  illustrated  his  talk  by  means  of  demonstration  with  a 
lighting  booth.  Statues,  pictures  and  a  minature  show  window  with  a 
display  were  shown  and  effects  obtained  by  means  of  light  coming  from 
different  directions  and  also  with  lights  of  different  colors.  By  means  of 
a  chart  he  showed  how  the  intensity  of  illumination  could  be  increased 
by  proper  maintenance  and  by  increasing  the  effectiveness  of  the  reflec- 
tors and  other  reflecting  surfaces. 

Thirty-six  members  and  guests  attended  a  dinner  at  the  Engineers' 
Club  preceding  the  meeting  at  which  there  was  an  attendance  of  fifty. 

CLEVELAND  Meeting— February  15,  1923 

The  joint  meeting  of  the  Cleveland  Section  of  the  A.  I.  E.  E.  and 
the  Cleveland  Chapter  of  the  I.  E.  S.  was  held  on  the  evening  of  February 
15,  at  Nela  Park.  Those  attending  were  entertained  at  dinner  as  guests 
of  the  National  Lamp  Works. 

The  paper,  "Modem  Street  Lighting  Plans  for  a  Large  City,"  was 
presented  by  Mr.  E.  A.  Anderson  and  Mr.  O.  F.  Haas. 

The  paper  clearly  pointed  out  the  need  for  more  modern  street  light- 
ing equipment.  In  this  relation  the  benefits  are  the  reduction  of  acci- 
dents and  crimes  along  with  'its  relation  to  other  municipal  enterprises 
in  the  interests  of  civic  duty.  The  paper  was  profusely  illustrated  with 
lantern  slides  and  charts. 

The   paper  was   quite  generally   discussed   by   Mr.    C.   C.   Beckwith, 
Commissioner  of  Lighting  and  Heating,  City  of  Cleveland,  Professor  H. 
B.  Dates,  Case  School  of  Applied  Science,  Mr.  W.  E.  Bush,  Illuminat 
ing    Engineer    of    the    Thompson-Houston    Company,    London,    England, 
and  Mr.  C.  A.  Atherton,  National  Lamp  Works. 

The  Exhibition  of  Ornamental  Street  Lighting  Equipment  installed 
at  Nela  Park  was  inspected  and  an  additional  feature  of  the  evening  was 
the  lighting  of  a  30-kw.  incandescent  lamp. 

The  meeting  was  attended  by  approximately  a  total  of  one  hundred. 

TORONTO  Meeting— January  22,  1923 

The  Toronto  Chapter  meeting  was  held  on  January  22,  in  the  Engi- 
neering Building  of  the  University  of  Toronto.  Professor  G.  R.  Anderson 
gave  an  interesting  paper,  "Fundamental  Principles  in  Illumination."  A 
general  discussion  was  held  and  fifteen  members  and  guests  were  present. 
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COLUMBUS  Meeting— February  8,  1923 

At  the  organization  meeting  of  the  Columbus  Chapter  held  on 
February  8,  Mr.  G.  F.  Evans  and  Mr.  R.  C.  Moore  were  elected  chairman 
and  secretary  of  the  Chapter. 


COUNCIL  NOTES 


ITEMS   OF   INTEREST 


At  the  meeting  of  the  Council,  February  8,  1923,  the  following  were 
elected  to  membership : 

Five  Members 

Church,  A.  C,  Pacific  States  Electric  Co.,  240  S.  Los  Angeles  St.,  Los 

Angeles,  Cal. 
CoGAN,  D.  E.,  General  Electric  Company,  84  State  Street,  Boston,  Mass. 
Drinker,  Phiup,  Harvard  Medical  School,  Boston,  Mass. 
Pate,  C.  Bertrem,  National  X-Ray  Reflector  Co.,  16  State  St.,  Rochester, 

N.  Y. 
Thomson,  Euhu,  General  Electric  Company,  Lynn,  Mass. 

Twenty-Four  Associate  Members 

Addie,  Charles  E.,  Denver  Gas  &  Electric  Light  Co.,  900   isth   Street, 

Denver,  Colo. 
Arnold,  M.  Edwin,  M.  E.  Arnold  &  Co.,  1019  Cherry  Street,  Philadelphia, 

Pa. 
Barr,  Taylor  M.,  General  Electric  Co.,  Schenectady,  N.  Y. 
Beggs,  Eugene  W.,  Westinghouse  Lamp  Co.,  Bloomfield,  N.  J. 
Brown,  Harry,  113  St.  Marks  Place,  New  York,  N.  Y. 
BuCKNAM,   Paul   C,    Pettingell-Andrews   Co.,   Atlantic   Avenue,    Boston, 

Mass. 
Clasen,  Arthur  J.,  American  Bank   Note   Company,   Garrison  Ave  and 

Lafayette  St.,  Bronx,  N.  Y. 
DoDDS,  George,  Homestead,  Pa. 
D'Olive,    Eugene    R.,    Commonwealth    Edison    Company,    28    N.    Market 

Street,  Chicago,  111. 
Ericksen,  Thomas,  Detroit  Stove  Works,  6qoo  Jefferson  Ave.,  E.,  Detroit, 

Mich. 
FoELLER,  Henry   A.,   FocUer,   Schobcr   &   Stephenson.   Architects,   Nicolet 

Bldg.,  Green  Bay,  Wis. 
Gosling,  Edward   [\,   Newport   Ivlcctric  Corp.,  449  Thames   St,   Newport, 

R.  I. 
Johnson,   L.   B.,   General    I'Jcctric    Co.,   719   Newhouse   Bldg.,    Salt    Lake 

City,  Utah. 
KiKLiN,    Ivan    M.,    National    X-Ray    Reflector    Company,    400    Penobscot 

lildg.,  Detroit,  Mich. 
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Kittle,  Robert  G.,  Benjamin  Elec.  Mfg.  Company,  243  W.  17th  Street, 
New  York,  N.  Y. 

Morrow,  G.  T.,  National  X-Ray  Reflector  Companj^,  331  Fourth  Avenue, 
Pittsburgh,  Pa. 

NeIvSON  George  E.,  National  Lamp  Works,  642  Beaubien  Street,  Detroit, 
Mich. 

Nye,  Arthur  W.,  University  of  Southern  CaHfornia,  3551  University 
Ave.,  Los  Angeles,  Cal. 

PiERSON,  Wm.  v.,  Western  Electric  Co.,  106  South  Street,  Baltimore,  Md. 

Prigge,  John,  Jr.,  441  44th  Street,  Brooklyn,  N.  Y. 

Sandovae,  H.  E.,  Pacific  Gas  &  Elec.  Co.,  445  Sutter  Street,  San  Francisco, 
Cal. 

Thompson,  R.  B.,  Central  Hudson  Gas  &  Elec.  Co.,  129  Broadway,  New- 
burg,  N.  Y. 

Friedrich,  Ernest  G.,  Westinghouse  Elec.  &  Mfg.  Co.,  3rd  and  Elm  Sts., 
Cincinnati,  Ohio. 

WoRSSAM,  Frank  H.,  Pettingell-Andrews  Co.,  511  Atlantic  Avenue,  Bos- 
ton, Mass. 

One   Student   Member 
Maeone,  James  F.,  Polytechnic  Institute  of  Brooklyn,  Brooklyn,  N.  Y. 

Six  Sustaining  Members 
Bangor  Raieway  &  Eeectric  Co.,  Bangor,  Me. 

W.  E.  Stooper,  Official  Representative. 
Gloucester  Eeectric  Co.,  26  Vincent  St.,  Gloucester,  Mass. 

Walter  L.  Brown,  Jr.,  Official  Representative. 
LuNDiN  Eeectric  &  Machine  Co.,  10  Thatcher  St.,  Boston,  Mass. 

Emil  O.  Lundin,  Official  Representative. 
Newburyport  Gas  &  Eeectric  Co.,  Newburyport,  Mass. 

J.  Lee  Potter,  Official  Representative. 
Union  Eeectric  Suppey  Co.,  Providence,  R.  L 

Frank  L.  Falk,  Official  Representative. 
United  Eeectric  Light  Co.,  73  State  Street,  Springfield,  Mass. 

J.  Frank  Murray,  Official  Representative. 

One  Transfer  to  Associate  Membership 
Haynes,  Pierre  E.,  1089  Ellicott  Square  Bldg.,  Buffalo,  N,  Y. 


The  General  Secretary  reported  the  death  of  one  associate  member, 
John  DoyeE,  Consolidated  Gas  Company,  128  East  15th  Street,  New 
York,  N.  Y. 


CONFIRMATION  OF  APPOINTMENTS 

As  Members  of  the  Committee   on  Nomenclature  and  Standards — E.   C. 
McKinnie  and  William  J.  Serrill. 
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As  I.  E.  S.  Representatives  on  A.  E.  S.  C.  Sectional  Committee  on  Illu- 
minating Engineering  Nomenclature  and  Photonietric  Standards — 
Howard  Lyon  and  G.  H.  Stickney. 

As  Individual  Members  on  A.  E.  S.  C.  Sectional  Committee  on  Illuminating 
Engineering  Nomenclature  and  Photometric  Standards — G.  A.  Hoadley 
and  M.  Luckiesh. 

NEWS  ITEMS 


Mr.  Julius  Daniels  of  The  Edison  Electric  Illuminating  Co.,  of  Bos- 
ton has  recently  been  elected  Secretary  of  the  New  England  Section  in 
place  of  Mr.  C.  A.  Strong,  resigned. 


Mr.  C.  A.  Strong  formerly   Secretary  of  the   New  England   Section, 
has  resigned  from  the  Westinghouse  Lamp  Co. 


Mr.  Francis  A.  Gallagher  of  the  Narragansett  Electric  Light  & 
Power  Co.,  Providence,  R.  L,  was  elected  to  the  Board  of  Managers  of 
the  New  England  Section  to  fill  the  vacancy  in  the  Board  of  Managers 
due  to  the  changes. 


Mr.  Clarence  L.  Law,  for  many  years  Manager  of  the  Bureau  of  Il- 
luminating Engineering  of  the  New  York  Edison  Co.,  has  recently  been 
appointed  to  the  post  of  Assistant  to  the  General  Commercial  Manager, 
Mr.  Arthur  Williams. 


On  February  i8.  Professor  W.  J.  Drisko  gave  a  lecture,  "Illumi- 
nants  and  Illumination,"  at  the  Institute  Buildings  in  Cambridge.  This 
lecture  was  one  in  the  scries  of  Sunday  Science  Lectures  being  conducted 
by  the  Massachusetts  Institute  of  Technology. 


On  Thursday,  Feb.  8,  Mr.  Henry  Logan,  Sales  Engineer  for  the 
Holophane  Glass  Company,  spoke  in  Detroit  from  the  Detroit  News 
Radio  Station  WVVJ  on  the  subject  "The  Romance  of  Illumination." 
Reports  have  been  received  that  this  talk  was  heard  in  New  York  City. 
Atlanta,  Ga.,  and   Milwaukee,  Wis. 


Mr.    G.    H.    Nichols    has    recently    opened    an  olTue    at    300    Madison 

Ave.,    New     York    City,     for    general     designing  and     ccmsulting    work, 

specializing  on   public   buildings    and    institutions.  Mr.    Nichols   was    for- 
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merly  chief  engineer  in  the  Department  of  Architecture,  New  York 
State,  for  ten  years,  and  recently  acted  as  engineer  for  the  new  central 
heating  plant  at  Cornell  University. 


Mr.  Samuel  G.  Hibben  addressed  the  students  of  the  University  of 
West  Virginia  on  the  subject  of  illumination  on  February  15.  In 
Montreal  on  February  22,  he  spoke  before  the  engineering  students  of 
McGill  University. 


Mr.  C.  J.  Russell,  Commercial  Vice-President  of  the  Philadelphia 
Electric  Co.  and  a  member  of  the  Society  gave  a  talk  before  the  Con- 
ference on  January  18.  The  Electrical  Conference  is  a  monthly  meeting 
which  is  largely  attended  by  Electrical  Contractors,  Underwriters'  Inspec- 
tors and  Philadelphia  Electric  Company  Inspectors. 


Mr.  G.  Bertram  Regar  spoke  before  the  Geographical  Section  of  the 
Pennsylvania  Electric  Association  at  their  meeting  on  February  20,  at 
the  Hotel  Traylor  in  Allentown,  on  the  subject,  "Educating  the  Public 
on  the  Potentialities  of  Good  Residence  Lighting." 


Mr.  M.  Luckiesh,  National  Lamp  Works  of  Cleveland,  addressed  the 
New  Business  Co-operations'  Committee  of  the  O.  E.  L.  A.  at  Columbus 
on  the  subject,  "Modern  Lighting,"  on  February  21.  At  Rochester,  on 
February  27,  he  spoke  before  the  Rochester  Section  of  the  Optical 
Society  on  the  subject,  "Visual  Illusions."  The  same  lecture  was  re- 
peated before  the  Brooklyn  Institute  of  Arts  and  Sciences,  on  February 
28. 


PROFEvSSIONAL  OPPORTUKITIES 

Engineer:  A  recent  engineering  graduate  to  do  development  and 
testing  work  in  illuminating  engineering.  A  good  opening  for  a  young 
energetic  man.  B-i 


OLD  TRANSACTIONS  FOR  SALE 

The  committee  on  Editing  and  Publication  is  able  to  secure  a 
limited  number  of  various  back  issues  of  th6  Transactions  begin- 
ning with  Vol.  Ill,  1908.  It  is  suggested  to  those  members  and 
others  interested  in  completing  former  volumes  to  communicate 
immediately  their  wishes  to  the  committee. 

Unless  a  favorable  demand  is  eindenced,  these  former  issue  will 
not  be  acquired.  Inquires  should  be  addressed  to  Mr.  N.  D.  Mac- 
donald,  Chairman,  I.  E.  S.  Committee  on  Editing  and  Publication, 

29  West  39th  Street,  New  York  City. 


ILLUMINATION  INDEX 

Peupared  by  the  Committke  on  Progress. 


An  INDEX  OF  REFERENCES  to  books,  papers,  editorials,  news  and  abstracts  on 
illuminating  engineering  and  allied  subjects.  This  index  is  arranged  alphabetically 
according  to  the  names  of  the  reference  publications.  The  references  are  then  gireii 
in  order  of  the  date  of  publication.  Important  references  not  appearing  herein 
should  be  called  to  the  attention  of  the  Illuminating  Engineering  Society,  29  W. 
39th  St.,  New  York,  N.  Y. 


American  Journal  of  Ophthalmology 

Absorption  of  Ultra- Violet  Rays — 
Archiv  fur  Ophthalmologie 

Die    Lichtprojektion    bei    geschlosenen 
Lidern — 

Die  Berliner  Sehschwachenschulen — 
Astrophysical  Journal 

Astronomical     Photographic     Photom- 
etry and  the  Purkinje  Effect — 
Central  Station 

Taxes    vs.    Improvements    in    Relation 
to  Street  Lighting — 

Outstanding   Features   of   Light   Prog- 
ress in  1922 — 

Report  of  Committee  on  Street  Light- 
ing- 
Chemical  Abstracts 

Phototropy  and  Photoelectric  Effect — 
Luminosity  Produced  by  Electric  Dis- 
charges in  Tubes  Containing  Gases 
at    Slightly    Reduced    Pressures — 

Illumination    Problems — 
What  Progress  has  the  New  Science  of 
Color  Brought? 
Electrical  Merchandising 

Light— The   Decorative  Medium — 
The  Stuff  that  Lamps  are  Made  of — 
Electrical  Record 

A    Marked    Advancement    in    Art    Gal- 
lery Lighting — 
Desirable    Lighting    Requirements    for 
Different    Classes   of    Streets    - 
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Siectrical  Review 

Action  of  Light  on  Colors — 
The   "Hydro"   Lamp— 

Anti-Dazzle  Vehicle   Lamps — 
Siectrical  Times 

Why  not  Brighten  London? 
Electrically    Lighted    Street    Stalls    at 
Aylesbury — 

Shop  Window  Lighting — 
Electrical  Worid 

Production  Increased  Twenty-five  Per 
Cent  by  Better  Lighting — 

Illumination  and  Lighting — 
Combined  Red  and  White  Safety  Isle 

Fixture — 
The  Neon  "Glim   Lamp"— 
Elektrotechnischer  Anzeiger 

Qualitats-Beleuchtungskorper — 
Qualitats-Beleuchtungskorper — 
Einiges  iiber  wirtschaftlich  zweckmas- 

sige     Arbeitsplatz-und      Raumbel- 

euchtungen      mittels      elektrischer 

Gluhlampen — 
Elektrotechnische  Zeitschrift 

Entwicklung,  Stand,  und  Aufgaben  der 

elektrischen  Beleuchtung-^ 
Electrician 

The  Neon  Glow  Discharge  Lamp  on  A. 

C.  Circuits — 

Industrial  Lighting  by  Electricity — 
Gas  Age-Record 

Some  New  Wrinkles  in  Gas  Lighting — 

Gas  Lighting  Still  Vital  Need  in  Pitts- 
burgh— 

An   Illustrated   Gas   Light    Story- 
Gas  Journal 

Public    Lighting    (Street)  — 
General  Electric  Review 

Lighting  (Progress  in  1922)  — 
Helios 

New      Illuminated      Text      Advertise- 
ments— 


H.   Lux 
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Kinds     of     Dirt     Encountered     When 
Cleaning    Lamps    and    Reflectors — 
Journal  of  American  Chemical  Society 
The  Action  of  Light  on  Arsenic  Tri- 
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Journal  of  American  Institute  of  Electri- 
cal Engineers 

Artificial  Lighting  Competes  with  Day- 
light- 
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Color   Matching    Units   in    the    Indus- 
tries— 
Journal  of  Chemical  Society 

The  Molecular  Scattering  of   Light  in 
n-Pentane — 
Journal  of  Electricity  and  Western  Industry 

Altadena's  Street  Lighting  System — 
Denver      Celebrates      Completion      of 
Street   Lighting   System — 
Journal  of  Franklin  Institute 

Recent  Advances  in  Photographic 
Theory— 

The  Transformation  of  Color  Mixture 
Equations  from  one  System  to  An- 
other— Graphical  Aids — 
Journal  of  General  Physiology 

Studies  on  Bioluminescence  XV — Elec- 
tro-reduction of  Oxyluciferin — 
Journal  of  Physiology 

Visual  Acuity  and  the  Resolving  Power 
of  the  Eye — 
Journal  de  Physique  et  le  Radium 
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Verstarkung    der    Strome    lichtelektri-       Max  DiesTcmann 
scherZellen —  and  Arthur  Geb- 

bert 


Lighting  Fixtures  and  Lighting 

Leaders  and  Events  of  a  Century  of 

Lighting   Fixture   Making — 
Why     Theatre     Lighting     Cannot     be 
Standardized — 
Monthly  Abstract  Bulletin  of  the  Eastman 
Kodak  Company 
Artificial   Lighting   in   Motion   Picture 
Studios — 
N.  E.  L.  A.  Bulletin 

Equipment  to  Improve  the  Lighting  of 

Homes — 
A   New  Semi-Indirect  Luminaire — 
Nature 

Photosynthesis — 

Effect  of  Moonlight  on  the  Germination 
of   Seeds — 
Ophthalmic  Literature 

Color  Vision — 
Philosophical  Magazine 

On  the  Molecular  Scattering  of  Light 
in  Dense  Vapors  and  Gases — 

The  Evaluation  of  the  Colors  of  the 
Spectrum  in  Terms  of  the  Three 
Primary  Colors — 

The  Molecular  Scattering  of  Light  in 
Liquid  Mixtures — 


Popular  Mechanics  Magazine 

Automol)ile  Rear  Light  Signals— Safety 

and  Danger — 
New  Gas  Burner  Protects  Fixtures  and 
Ceiling — 
Proceedings  of  the  Royal  Society— A 

The  Carbon  Arc  Spectrum  in  the  Ex- 
treme Ultra- Violet — 
Railway  Electrical  Engineer 

Advantages   of    Good    Lighting- 
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Terminal  Lighting  Development  on  the 

New   Haven — 
Revue  Generale  de  L'Electricite 

Recherches    relatives    a    I'air,    I'hydro- 

gene   et   I'anhydride   carbonique — 
Comite   national    francais    de    I'Eclair- 

age— 

Revue   d'    Optique 

La  lumiere  monochromatique,  sa  pro- 
duction et  son  emploi  en  optique 
pratique — 

Amelioration  au  rendement  lumineux 
dans  les  appareils  de  projection 
fixe  et  animee  utilisant  les  lampes 
a  arcs  ou  a  flammes — 

Support  orientable  pour  phares  d'auto- 
mobiles — 

Science 

The   Appreciation   of    Science — 
Thermionic   Effects    Caused   by   Alkali 
Vapors   in  Vacuum   Tubes — 

Scientific    American 

The    (Gas)    Light  that   Lights   Itself— 
Science   News   Letter 

Action  of  Light  on  Plants  Determines 
Destiny  of  Civilization — 

Traniactions  of  the  Illuminating  Engineer- 
ing Society 

Highway  Lighting  Financed — 

The  Light  Cure — 

Relative  Performance  of  Tungsten 
Filament   Lamps — 

Report  of  the  Committee  on  Motor 
Vehicle  Lighting — 

Influence  of  Daylight  Illumination  In- 
tensity on  Electric  Current  Used 
for    Lighting    Purposes — 

Report  of  Committee  on  Nomenclature 
and    Standards 

A  Direct  Reading  and  Computing  At- 
tachment for  Sphere  Photom- 
eters— 

Plotting  of  vSpcctrophotometric  Data   - 
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Zeitschrift  fur  Instrumentenkunde 

Die  chemische  oder  aktinishe  Flachen- 
helle  einiger  Lichtquellen  und  der- 
en  Anderung  durch  eingeschaltebe 
Mattscheiben — 


A.  Kohler 


1922 


Dec. 


349 


Zeitschrift    fur    Physik 

Eine  neue  Theorie  des   Sehens — 
Der   durchsichtige    Seiektivstrahler   als 
Leuchtkorper — 


Fritz  Schanz 


Franz  Skaupy 


Dec.  9  28 

Dec.   16         177 
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OF  THE 

ILLUMINATING  ENGINEERING  SOCIETY 

Voi,.  XVIII  Aprii,,   1923  No.  4 

Opportunity  for  International 

Co-operation  on  Technical  Matters 

IN  THIS  ERA  of  intensified  nationalistic  feeling,  when  many 
peoples  are  at  swords'  points,  and  keen  political  and  commercial 
rivalry  tends  to  separate  even  friendly  nations,  anything  which 
contributes  to  mutual  understanding  and  good-will  is  notable.  So 
our  international  scientific  and  technical  organizations  have  an 
importance  greater  than  might  appear  from  the  published  accom- 
plishments in  their  special  fields.  Their  revival  since  the  war  in 
spite  of  economic  difhculties  is  one  of  the  hopeful  signs  of  the 
times,  and  in  this  revival  members  of  the  Illuminating  Engineer- 
ing Society  have  had  an  active  part. 

Difference  of  language  is  perhaps  the  most  serious  obstacle  to 
mutual  understanding  between  peoples ;  and  as  understanding  is 
the  first  requisite  for  good-will  and  joint  effort  for  advancement, 
any  step  which  furthers  it  has  wide  significance.  The  formal 
meeting  of  the  International  Commission  on  Illumination  held  in 
192 1  made  unexpected  progress  on  technical  questions,  par- 
ticularly in  adopting  international  definitions  in  French  for  the 
most  important  terms  used  in  photometry  and  illuminating  engi- 
neering. It  was  significant,  however,  that  while  agreement  could 
be  reached  on  such  a  French  text,  there  remained  between  the  two 
great  English  speaking  nations  some  differences  of  opinion  as  to 
its  proper  rendition  into  English. 

The  recent  Geneva  meeting  of  the  International  iClectrotechni- 
cal  Commission  gave  an  opportunity  for  representatives  of  the 
two  countries  to  meet  and  work  out  jointly  an  oliicial  translation 
of  these  definitions,  and  incidentally  to  arrange  for  closer  cn-opcra- 
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tion  in  the  further  development  of  this  work.  In  the  past  the 
several  countries  have  proceeded  more  or  less  independently  to 
build  up  a  nomenclature  suitable  for  their  needs.  When  inter- 
national meetings  were  held  the  problem  was  to  reconcile  the 
different  practices  thus  established,  and  this  was  often  difficult. 
It  is  now  proposed  that  the  active  committees  in  each  country  be 
kept  informed,  through  the  central  office  of  the  International 
Commission  on  Illumination,  of  the  work  under  way  in  other 
countries.  For  example,  minutes  of  meetings  of  the  I.  E.  S. 
Committee  on  Nomenclature  and  Standards  will  be  regularly 
sent  through  the  U.  S.  National  Committee  to  the  Commission 
offices  in  London  for  distribution  to  committees  abroad  which  may 
be  interested,  and  similar  information  regarding  current  work  in 
other  countries  will  be  received  through  the  same  channels. 

These  arrangements  for  joint  study  of  current  problems  should 
greatly  facilitate  the  reaching  of  definite  conclusions  at  the  next 
meeting  of  the  International  Commission.  It  is  therefore  especi- 
ally important  that  our  own  standard  of  nomenclature  be  put 
into  the  best  possible  form  before  that  time,  and  all  members  of 
the  Society  are  urged  to  submit  suggestions  and  criticisms  in  ac- 
cordance with  the  notice  published  in  the  February  Transactions. 
It  is  especially  desirable  to  get  the  viewpoint  of  the  practicing 
engineer  and  of  others  who  actually  have  occasion  to  use  the 
nomenclature.  Having  the  advantage  of  such  practical  discus- 
sion and  of  working  contact  with  our  friends  abroad,  we  should 
be  able  to  make  notable  progress  in  removing  some  of  the  dif- 
ficulties which  have  hitherto  handicapped  the  interchange  of  ideas 
and  information  in  our  special  field. 

E.  C.  Crittenden,  Chairman, 
Committee  on  Nomenclature  and  Standards. 
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Artificial  Light   and  Our   Eyes 

IN  a  recent  lecture  before  the  Royal  Photograph  Society  of 
London,  Dr.  A.  E.  Bawtree  made  the  statement  ''that  man- 
kind is  being  blinded  by  modern  electric  light."  He  laid  em- 
phasis on  the  damage  done  by  the  dangerous  and  invisible  ul- 
tra-violet rays.  It  seems  only  just  in  considering  a  matter  of 
this  importance  to  cite  some  figures  and  to  look  at  the  matter 
from  a  common  sense  point  of  view. 

The  human  eye  was  developed  in  a  daylight  environment  and 
has  been  adapted  to  function  satisfactorily  under  normal  day- 
light  conditions. 

As  we  know,  radiations  from  the  sun  as  well  as  all  other 
light  sources  consist  of  a  wide  range  of  wave-lengths.  We  have 
quite  arbitrarily  divided  this  range  of  wave-lengths  into  three 
parts ;  first,  the  visible  range  which  we  call  light,  this  is  a  little 
less  than  one  octave  in  extent ;  second,  the  range  of  wave-lengths 
longer  than  the  visible  which  we  call  the  heat  rays  or  infra- 
red, and,  third,  the  rays  shorter  than  those  visible  to  our  eye 
which  we  call  ultra-violet.  We  must  not  consider  that  these 
three  divisions  are  separate.  They  are  merely  our  names  for 
certain  parts  of  a  continuous  scale.  We  might  make  the  same 
analogy  on  the  piano  by  calling  the  notes  lower  than  the  middle 
octave  intfa-middle  octave  and  the  notes  higher  than  the  middle 
octave  Ultra-middle  octave,  but  assigning  such  terms  does  not  in 
any  way  make  these  three  divisions  separate  and  distinct  things, 
and  thus  it  is  with  the  rays  from  the  sun  we  have  represented 
the  continuous  scale  of  ultra-violet  rays,  light  rays  and  heat  rays 
and  our  eye  is  normally  healthy  under  this  combination. 

The  progress  of  artificial  light  is  not  so  much  a  history  of  the 
means  of  producing  the  lii^Mit  as  it  is  a  history  of  increasing 
temperatures.  The  pine  knot  gave  a  smoky  orange  flame  of  \or\ 
much  lower  temperature  than  the  sun.  The  early  lamps  and 
candles  gave  a  hotter  and,  tlu-reforc,  a  brighter  flame.  Illumi- 
nating gas  first  as  a  flame  and  thru  with  a  mantle  were  ^till   fur 
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ther  advances  in  increasing  the  temperature  of  the  source  of  light, 
and  hence  its  brightness. 

Then  came  the  electric  light.  But  considering  it  from  the  tem- 
perature point  of  view  it  is  not  a  radical  change,  it  is  merely  an- 
other step  in  the  increase  of  the  temperature  of  the  source.  In 
this  case,  however,  instead  of  the  source  being  a  flame,  it  is  a 
filament.  Electricity  is  the  method  of  heating  the  filament  to  a 
high  temperature,  and  is,  therefore,  only  a  substitution  of  elec- 
trical energy  as  the  heating  agent  in  place  of  chemical  energy 
which  was  the  heating  agent  of  all  the  previous  flames. 

The  first  incandescent  lamps  were  no  hotter  and,  therefore,  no 
brighter  than  the  brightest  flames  and  the  progress  in  tempera- 
ture of  light  sources  was  continuous  right  through  the  change 
from  chemical  to  electrical  means.  The  electrically  heated  fila- 
ment has,  however,  been  steadily  climbing  in  temperature  from 
the  carbon  filament  to  the  tungsten  filament  and  finally  to  the 
high  wattage  gas  filled  incandescent  lamps,  which  have  reached 
at  the  present  time  their  practical  limit  of  temperature,  as  they 
are  burned  at  a  temperature  near  the  melting  point  of  the  fila- 
ment. Hence  we  may  say  the  temperature  of  the  ordinary^  arti- 
ficial illuminant,  such  as  used  in  the  home  has  reached  its  maxi- 
mum. This  is,  of  course,  not  saying  that  efficiency  may  not  fur- 
ther be  increased. 

Now  the  interesting  point  is  that  artificial  light  having  climbed 
up  the  scale  from  a  ruddy  glow  to  the  modern  brilliant  incan- 
descent lamp,  has  not  by  any  means  approached  either  the  bright- 
ness of  the  sun  or  the  amount  of  ultra-violet  rays  coming  to  us 
from  the  sun.  In  taking  the  same  quantity  of  light  from  the  sun 
and  from  one  of  the  modern  incandescent  lamps,  we  find,  by 
measurement,  that  sunlight  has  over  twice  as  much  ultra-violet 
as  the  artificial  light.  Furthermore,  outdoors  on  a  bright  day 
there  is  about  10,000  foot-candles  of  illumination.  Indoors  in  a 
modern  well  lighted  room  there  is  about  ten  foot-candles.  There- 
fore the  amount  of  ultra-violet  light  that  our  eyes  are  exposed 
to  under  the  natural  outdoor  conditions  is  2,000  times  greater 
than  the  ultra-violet  light  present  in  a  modern  well  lighted  room. 

Our  eyes  normally  do  not  sufifei*  from  the  daylight  exposure, 
hence  how  could  they  suffer  from  any  of  the  usual  sources  of 
artificial  light  with  only  i-2,oooths  of  the  ultra-violet  light. 
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Many  physicians  may  cite  cases  where  artificial  light  has  hurt 
eye-sight  more  than  the  much  brighter  natural  light,  but  this 
brings  up  another  and  a  much  more  important  point,  and  that 
is,  the  abuse  of  the  eyes  in  using  light.  It  is  not  our  practice 
outdoors  to  stare  at  the  sun  when  it  is  high,  hence  we  have  the 
feeling  that  it  is  quite  harmless.  But  let  us  suppose  that  some 
happening,  such  as  an  eclipse,  excites  our  curiosity  so  that  many 
persons  carelessly  stare  at  the  sun.  A  recent  eclipse  of  the  sun 
over  central  Europe  caused  over  200  cases  of  temporaiy  blind- 
ness due  to  gazing  at  the  sun  without  proper  protection  for  the 
eye.  This  makes  it  quite  evident  that  even  sunlight  is  harmful 
when  abused.  The  race  has  learned  its  lesson  in  the  matter  of 
the  sun ;  that  it  is  to  be  used,  not  stared  at. 

Artificial  light  may  be  abused  in  the  same  way  by  a  person 
working  with  his  eyes  exposed  to  the  direct  glare  of  a  filament 
for  long  periods.  The  symptoms  and  effect  on  the  eyes  are  ex- 
actly the  same  as  in  the  eclipse  cases,  although  not  nearly  as 
severe.  So  it  is  seen  that  artificial  light  is  really  less  harmful 
than  sunlight  in  its  quality  but  unfortunately  it  is  abused  by  care- 
lessness much  more  frequently  than  the  sun,  and  hence  has  re- 
ceived quite  undeservedly  a  bad  reputation  by  certain  physicians 
who  have  not  analyzed  all  the  factors  involved. 

There  is,  however,  another  type  of  artificial  light  which  is  true 
electric  light.  This  differs  from  the  incandescent  electric  lights, 
which  are  really  only  temperature  sources  of  light,  in  that  this 
is  actual  light  production  directly  by  electricity.  These  lights  are 
called  electric  arcs.  Arcs  have  two  characteristics  in  which  they 
differ  from  other  artificial  sources  of  light.  First,  they  may  be 
extremely  bright,  and,  second,  they  can  be  made  to  emit  even  a 
larger  ])roportic)n  of  ultra-violet  in  proportion  to  the  visible  light 
than  sunlight  does.  Electric  arcs,  however,  are  not  used  as 
artificial  liglit  in  the  home  or  office,  they  are  in  a  separate  class 
and  hence  their  case  must  be  considered  special. 

The  large  amount  of  ultra-violet  light  which  the  special  arcs 
contain  is  turned  to  very  great  advantage  in  photograi)hic  stu- 
dios, and  especially  in  motion  picture  studios,  since  it  is  the  ultra- 
violet or  actinic  light  that  does  chemical  work,  and  thus  greatly 
facilitates  the  taking  of  pictures  where  the  exposure  is  perforce 
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instantaneous.  The  problem  of  these  abnormally  bright  and  ac- 
tinic lights  in  the  studios  has  been  carefully  studied,  and  it  has 
been  finally  determined  that  even  in  these  extreme  cases  the  harm 
done  to  the  eye  on  occasional  over-exposures  is  quite  temporary 
and,  though  sometimes  painful,  leaves  no  after  effects. 

Furthermore,  careful  study  of  the  use  of  artificial  lights  in  mo- 
tion picture  studios  has  proved  again  that  carelessness  is  the  main 
factor  which  has  caused  what  little  trouble  has  been  experienced. 
Many  simple  precautions  can  be  taken  which  minimize  any  trou- 
ble that  the  actors  have  in  working  under  these  lights. 

So  we  may  conclude  that  the  damage  to  eyesight  by  artificial 
light  is  a  theory  quite  unsupported  by  the  facts,  but  one  which 
crops  up  perennially,  due  to  the  cases  which  are  caused  by  abuse 
and  carelessness,  from  which  not  even  the  sun  is  exempt.  Much 
could  be  said  in  regard  to  eye  troubles  in  modern  life  as  being 
the  result  of  a  comparatively  new  and  very  dififerent  use  of  the 
eye  by  the  human  race  that  is,  reading  print,  and  especially  fine 
print,  which  is  far  more  different  from  the  functions  for  which 
our  eye  was  originally  developed  than  the  artificial  light  is  from 
daylight. — By  Elmer  A.  Sparry,  The  Sun,  March  i6,  1923. 

Artificial  Light  to  Save  the  Colors  of  Tutankhamen 

nn  O  preserve  the  rich  trappings  of  Pharaoh  Tutankhamen 
•*-  from  fading  from  their  former  glory  scientists  in  London 
propose  that  the  ancient  objects  be  entirely  illuminated  with 
modern  artificial  light.  Recent  experiments  made  in  England  in- 
dicate that  museum  materials  retain  their  colors  longer  when 
electrically  lighted  than  when  exposed  to  any  form  of  nature's 
daylight. 

Daylight  contains  damaging  ultra-violet  rays  which  are  not  so 
strong  in  most  artificial  lights.  The  best  glass,  they  say,  for  use 
in  cutting  out  these  undesirable  rays  has  a  distinct  yellow  color 
which  makes  it  scarcely  practical  for  exhibiting  purposes.  Any 
kind  of  tinted  glass  merely  delays  fading  but  does  not  stop  it. 

Direct  sunlight  has  been  known  to  cause  rapid  fading,  but 
these  scientific  experiments  indicated  that  the  diffused  daylight 
for  which  modern  museums  are  designed  is  six  times  as  injuri- 
ous as  electric  light. 


REDIRECTIONS  329 

Perceptible  change  of  color  in  the  wings  of  specimens  of  cer- 
tain moths  were  were  found  in  from  ten  to  twenty-one  days,  in 
the  fur  of  a  tiger  after  one  hundred  and  seventy-five  days  and  in 
the  coat  of  a  brown  horse  and  antelope  after  one  thousand  four 
hundred  and  eighty-five  days. — Science  Service. 

Street  Lighting  Problems  in  1823 

nn  HAT  the  street  lighting  problems  of  one  hundred  years  ago 
•^    were   a   matter   of   concern   is   suggested   by   this    editorial 
apropos  of  a  fire  in  Philadelphia,  which  appeared  in  Freeman's 
Journal  of  January  23,  1823. 

"During  the  awful  fire  yesterday  morning  where  were  the  men 
who  are  paid  to  watch  our  lives  and  property?  They  were  not 
to  be  found.  It  w^as  the  earnest  request  of  a  great  number  of 
the  citizens  that  they  should  light  their  lamps  in  the  neighbor- 
hood of  the  fire — the  call  was  repeated  'Watchman !  Light  your 
lamps !'  But  no  one  answered,  and  frequently,  when  the  water 
deadened  the  light  of  the  fire,  the  people  knew  not  which  way  to 
turn  to  aid  their  friends  in  distress.  The  writer  of  this  went 
to  the  Court  House  to  get  the  request  complied  with,  but  it  was 
not  done.  What  is  the  reason  our  lamps  are  extini^uished  or 
rather  not  lighted  when  we  have  only  a  new  moon,  or  only  one 
in  its  quarter?  In  a  time  like  the  present  we  should  have  lights 
in  our  city  until  the  day  breaks,  and  the  watchmen  should  by  no 
means  be  permitted  to  leave  their  stands  until  that  time." 

Electric  Signs  in  New  York 

THERE  arc  9,577  electric  signs  in  New  York,  according  to  a 
census  made  recently  by  the  New  York  Edison  Comj^any. 
These  signs  advortise  every  kind  of  business  from  undertakers, 
churches  and  bird  stores  to  restaurants  and  llower  shoi)s.  (^\er  a 
million  lamps  are  rc'(|uirc-(l  to  lij^Hit  tlu-ni.  (  )f  llu'se.  e\actl\- 
947,623  are  lo-watt  lanij)s. 

This  is  tlu-  first  time  such  a  count  has  e\er  been  taken,  and 
the  findings  will  be  valued  by  the  eKclrical  industry  to  whiih 
the  number  of  lij^^lits  on  P.roadway  will  always  be  of  Inst  interest. 
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Lamp-Socket  Standardization 

THE  printed  report  on  the  International  Standardization  of 
Edison  Screw  Lamp  Bases  and  Sockets,  which  was  presented 
as  an  appendix  to  the  report  of  the  Lamp  Committee  of  the 
Association  of  Edison  Illuminating  Companies  last  Fall  at  White 
Sulphur  Springs,  was  presented  and  discussed  at  the  Interna- 
tional Electrotechnical  Conference,  held  in  Geneva,  Switzerland, 
in  the  latter  part  of  November. 

The  cabled  and  written  reports  on  the  results  of  the  confer- 
ence, now  more  fully  supplemented  by  the  verbal  reports  of  the 
returned  delegates,  indicate  that  the  printed  report  itself  proved 
to  be  of  the  greatest  value  as  a  presentation  of  fundamental 
facts,  as  a  basis  of  rational  standardization.  It  made  available 
for  the  first  time  a  comprehensive  and  complete  statement  of 
the  American  practice  and  standardization  which  could  be  con- 
sidered with  the  French  and  British  statements  already  avail- 
able. The  report  served  so  adequately  as  a  basis  of  the  discus- 
sion that  the  American  delegates  felt  that  all  the  efforts  and  ex- 
pense made  by  the  Association  of  Edison  Illuminating  Compan- 
ies and  the  American  Institute  of  Electrical  Engineers,  who 
prepared  the  report,  were  fully  justified. 

It  is  possible  to  report  real  progress  in  the  efforts  toward 
standardization  of  the  medium  screw  base  and  the  mogul  (or 
Goliath).  The  candelabra- and  miniature  bases  of  American  and 
European  manufacture  are  so  widely  divergent  in  diameter  or 
number  of  threads,  that  action  on  the  possible  standardization 
of  these  bases  was  deferred  to  a  later  date. 

The  results  of  the  discussion  on  the  two  days  of  conference 
are  summed  up  below  in  the  following  conclusions  or  decisions 
which  were  adopted  by  vote : 

(i)     That  effort  shall  be  concentrated  on  the  standardization 

of  a  universal  type  of  socket. 
(2)  That  through  the  good  offices  of  representatives  of  the 
manufacturers  present,  the  questions  of  fact  which  had 
been  raised  at  the  meeting  shall  be  subjected  to  inquiry 
by  a  group  of  manufacturing  experts  of  interested  coun- 
tries; that  this  group  shall  meet  in  Europe  for  the  pur- 
pose of  discussing  the  actual  manufacturing  dimensions 
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and  tolerances  which  are  requisite  in  such  a  universal 
socket. 

(3)  This  group  of  manufacturing  experts  shall  report  back 
their  findings  to  the  National  committees  represented  at 
this  meeting,  and  to  the  I.  E.  C.  central  office  for  general 
distribution. 

(4)  That  subsequently  a  meeting  of  this  I.  E.  C.  Advisory 
Committee  shall  be  called,  preferably  for  about  the 
middle  of  1923,  at  the  discretion  of  the  Central  Office  as 
to  the  time  and  place.  The  suggestion  was  made  that 
this  meeting  be  held  preferably  at  The  Hague  in  Holland 
in  the  month  of  May  or  early  June,  depending,  however, 
upon  the  completion  of  the  work  of  the  manufacturing 
experts.  The  work  accomplished  by  the  manufacturing 
experts  will  be  reviewed  at  the  proposed  meeting  of  the 
I.  E.  C.  Advisory  Committee,  at  which  meeting  as  wide 
a  representation  as  possible  is  suggested,  including  manu- 
facturers, laboratories,  standardization  committees  and 
representatives  of  lamp  users. 

Manufacture  of  Gas  and  Electric  Fixtures,  1921 

A  RECENT  communication  of  the  Department  of  Commerce 
announces  that  according  to  reports  made  to  the  Bureau  of 
the  Census  the  value  of  products  of  establishments  engaged  pri- 
marily in  the  manufacture  of  gas  and  electric  fixtures  amounted 
to  $42,890,000  in  192 1  as  compared  with  $42,268,000  in  1919  and 
$28,740,000  in  1914,  an  increase  of  i  per  cent  from  1919  to  1921, 
and  an  increase  of  49  per  cent  for  the  seven-year  period  1914 
to  192 1. 

This  industry  includes  establishments  manufacturing,  as  their 
products  of  chief  value,  gas  fixtures,  chandeliers,  domes,  burners, 
mantles,  etc.,  eU-clric  lixlnii's,  holders,  electrohcrs,  brackets,  port- 
ables, etc.  It  does  not  include  electric  liglUing  lixtiircs  to  the 
value  of  $2,452,(X)()  in  192 1,  $2,703,cxx^  in  1919  and  $3,384,ocK)  in 
1914  reported  by  establisliineiUs  inainifactiuing  electiical  machin- 
ery, apparatus,  and  supplies  as  their  i)i()chict  of  chief  vahie. 
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Of  the  308  establishments  reporting  products  valued  at  $5,000 
and  over  in  1921,  97  were  located  in  New  York;  41  in  Pennsyl- 
vania; 31  in  Illinois;  25  in  Ohio;  24  in  California;  13  in  Wis- 
consin ;  II  in  New  Jersey ;  8  each  in  Michigan  and  Minnesota ;  7 
each  in  Connecticut  and  Washington ;  6  in  Missouri ;  5  each  in 
Maryland,  Massachusetts,  and  Tennessee ;  3  each  in  Indiana, 
Iowa,  and  Oregon;  i  each  in  Colorado,  Kansas,  Kentucky,  Ne- 
braska, Oklahoma,  and  Rhode  Island. 

In  December,  the  month  of  maximum  employment,  10,680  wage 
earners  were  reported,  and  in  August,  the  month  of  minimum 
employment,  8,787 — the  minimum  representing  82  per  cent  of  the 
maximum.  The  average  number  employed  during  the  year  was 
9,419  as  compared  with  9,795  in  1919  to  10,913  in  1914. 

The  figures  for  1921  are  preliminary  and  subject  to  such  change 
and  correction  as  may  be  found  necessary  from  a  further  exami- 
nation of  the  original  reports. 

The  statistics  for  1921,  1919,  and  1914  are  summarized  in  the 
following  statement : 


Number  of  establishments 

Persons  engaged 

Proprietors  and  firm  members- . 

Salaried  employees '. . .  • 

Wage  earners  (average  number) 
Salaries  and  wages 

Salaries 

Wages 

Paid  for  contract  work •  •  •  • 

Cost  of  materials 

Value  of  products 

Value  added  by  manufacture ' 


iq2I 


308 

11,735 
203 

2,113 

9.419 

$15,479,000 

4,419,000 

11,060,000 

41,000 

18,788,000 

42,890,000 

24,102,000 


1919  1 


319 

12,379 

221 

2,363 

9.795 

$14,292,000 

4,490,000 

9,802,000 

65,000 

20,259,000 

42,268,000 

22,009,000 


1914 


389 

13,649 

320 

2,416 

10,913 

$9,852,000 

3,348,000 

6,504,000 

67,000 

14,090,000 

28,740,000 

14,650,000 


^  Statistics  for  establishments  with  products  valued  at  -less  than  $5,000  are  not 
included  in  the  figures  for  192 1.  There  were  29  establishments  of  this  class,  reporting 
23  wage  earners  and  products  valued  at  $77,000.  For  19 19.  however,  data  for  22 
establishments  of  this  class,  reporting  16  wage  earners  and  products  valued  at 
$59,000,  and  for  19 14  data  for  71  such  establishments,  with  82  wage  earners  and 
products  to  the  value  of  $200,000,  arc  included  in  all  items  with  the  exception  of 
"number  of  establishments." 

*  Value  of  products  less   cost   of  materials. 
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DETERMINATION  OF  REFLECTION  FACTOR 

SURFACES* 


BY   W.    F.   LITTLE** 


SYNOPSIS:  Reflection  Factor  defined.  Color  and  direction  of  light  are 
two  variables  affecting  the  reflecting  power  of  a  surface.  Difference  between 
specular  and  diffuse  reflection  factors.  Three  methods  described  give  the  reflection 
factor  by  even  illumination  of  the  surface  from  all  directions.  The  Reflection 
Gauge  as  an  approximate  method  is  mentioned.  Discussion  of  effect  of  reflection 
factor  upon  illumination.  The  rate  of  increase  of  illumination  for  an  increase  in 
reflection  factor  of  the  walls  of  a  sphere  is  shown  in  a  curve. 

"Reflection  Factor"  is  the  ratio  of  flux  emitted  by  a  surface 
to  flux  received  by  it;  in  other  words,  it  is  the  Hght  left  after 
absorption. 

No  surface  has  a  definite  constant  reflection  factor  under  all 
conditions.  There  are  two  main  variables  aff"ecting  the  reflecting 
power  of  the  surface :  Color  of  light  and  direction  of  light. 

Reflection  factor  of  a  white  surface  will  remain  fairly  constant 
irrespective  of  the  color  of  the  light,  and  in  general  the  higher  the 
reflecting  power  of  a  surface  the  nearer  constant  is  the  reflection 
factor  with  change  in  color  of  light.  A  white  surface  such  as 
magnesium  carbonate  which  has  a  reflection  factor  of  0.98  or 
98  per  cent,  will  have  substantially  the  same  reflecting  power 
throughout,  though  it  will  fall  oft'  slightly  toward  the  blue 
end  of  the  spectrum.  On  the  other  hand,  Mr.  M.  Luckiesh  shows 
a  considerable  variation  in  reflection  factor  of  different  surfaces 
with  different  colors  of  light.  A  blue  light  on  a  red  surface  would 
be  almost  entirely  absorbed,  while  a  blue  light  on  a  blue  surface 
or  a  red  light  on  a  red  surface  would  l)e  almost  entire]}-  rellecteil. 

•A  p.i|i<r  jin-smtrd  before  the  New  York  Section  of  the  llluininatiiiK  ICiikJ- 
Bcering   Society,   October    13,    igja. 

•"Knginrrr,    Klectrical    TestiiiK    Laboratories,    New    ^'ork    t'ity. 

The  IlluminatinR  KnRinceriiiK  Society  is  not  responsible  for  the  stutrmrnt^  or 
opinions    advanced    by    contributors. 
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There  may  be,  also,  a  great  difference  between  specular  reflec- 
tion factor  and  diffuse  reflection  factor.  Specular  reflection  fac- 
tor from  a  glossy  paper  may  be  in  the  neighborhood  of  o.i,  from 
a  mat  surface  it  is  much  lower,  and  from  a  mirrored  surface  it  is 
in  the  neighborhood  of  0.85 ;  whereas  the  absolute  reflection  fac- 
tor of  all  three  may  be  identical. 

The  early  tests  of  reflecting  power  of  surfaces  were  made  by 
assuming  the  surface  to  be  a  perfect  diffuser.  Light  was  then  al- 
lowed to  fall  upon  the  surface  at  a  given  angle,  the  brightness 
measured  at  some  other  angle  and  the  factor  computed.  These 
tests  were  approximate  but  for  practical  purposes  were  found 
fairly  satisfactory.  Next  the  exploration  of  the  brightness  of 
the  sample  from  a  number  of  angles,  with  the  light  incident  from 
a  number  of  directions  was  studied  and  by  computation  the  reflec- 
tion factor  assigned.  This  method,  if  properly  carried  out,  gives 
the  most  precise  results  and  is  the  means  of  determining  the 
standard. 

In  19 1 2  Dr.  P.  G.  Nutting  worked  out  his  instrument,^  known 
as  the  Reflectometer,  consisting  of  a  polorization  photometer,  a 
narrow  ring  with  high  reflecting  surface  on  the  inner  side,  a 
translucent  diffusing  window  over  one  side  of  the  ring,  and  the 
surface  to  be  measured  over  the  opposite  side..  The  translucent 
window  is  illuminated  from  the  outside  and  located  so  that  the 
photometer  views  simultaneously  the  center  portion  of  the  window 
for  one  field  and  the  test  surface  for  the  other,  the  test  surface 
being  illuminated  by  the  window.  Theoretically,  the  window  and 
test  surface  should  be  infinite  in  extent  in  order  that  the  light 
will  not  vary  between  the  surfaces ;  then  if  the  test  surface  is 
80  per  cent  as  bright  as  the  window,  the  reflection  factor  would 
be  0.80.  Unfortunately,  however,  the  window  and  surface  were 
not  infinite  but  finite  and  the  angle  of  observation  unfavorable  for 
accurate  results.  It  was  with  this  instrument  that  Dr.  Nutting 
assigned  a  value  of  0.88  to  magnesium  carbonate. 

For  several  years  no  attempt  was  made  to  investigate  further 
the  question  of  reflection  factor  until  Mr.  A.  H.  Taylor,  then  of 
the  Bureau  of  Standards,  found  that  by  computation,  surfaces  not 

^  "A   New   Method   and   an   Instrument   for   Determining   the    Reflecting   Power   of 
Opaque   Bodies,"   P.    G.   Nutting,   Trans.   I.    E.    S.,    1912,   Vll,   p.   412. 
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SO  white  as  magnesium  carbonate  were  found  to  have  a  reflec- 
tion factor  above  0.90.  He  then  worked  out,  mathematically,  the 
reflection  factor  of  the  surface  of  the  Bureau  of  Standards'  sphere 
by  measuring  the  sphere  wall  brightness  for  a  given  size  lamp. 

In  January,  1920,  Mr.  F.  A.  Benford  described  his  method  of 
determining  reflection  factor  by  constructing  a  small  sphere  of 
magnesium  carbonate,  projecting  a  beam  of  light  into  it,  measur- 
ing the  wall  brightness  and  then  removing  a  portion  of  the  sphere, 
which  reduced  the  average  reflection  factor  of  the  sphere.  Then 
by  again  determining  the  brightness  of  the  sphere  wall,  the  reflec- 
tion factor  of  the  surface  could  be  computed.  Now  by  substi- 
tuting for  the  open  section  of  the  sphere  a  test  surface,  its  reflec- 
tion factor  can  also  be  computed.  Mr.  Benford  found  the  reflec- 
tion factor  of  magnesium  carbonate  to  be  0.97. 

At  the  Annual  Convention  in  1920,  two  papers  on  this  subject 
were  presented — one  by  Taylor  in  which  he  used  a  small  inte- 
grating sphere,  measuring  the  wall  brightness  (i)  when  pro- 
jecting a  spot  of  light  upon  the  test  surface  screened  from  the 
sphere  window,  and  (2)  when  projecting  the  spot  of  light  upon 
the  sphere  wall  unscreened  from  the  sphere  window.  The  ratio 
of  these  readings  thus  taken  is  the  reflection  factor  of  the  test 
surface.  A  second  paper  by  Dr.  C.  H.  Sharp  and  the  writer 
reverses  this  process  by  illuminating  the  sphere  wall  with  a  small 
bright  spot  projected  through  a  hole  in  the  sphere  and  observing 
(i)  the  brightness  of  the  test  surface  screened  from  the  illumi- 
nated spot  and  (2)  the  sphere  wall  brightness  unscreened  from 
the  illuminated  spot.  The  ratio  of  these  readings  is  the  reflection 
factor  of  the  test  surface. 

Mr.  Taylor's  method  indicated  a  reflection  factor  for  magne- 
sium carbonate  of  between  0.98  and  0.99,  whereas  the  values  for 
the  latter  j)rij)i'r  indicated  a  reflection  factor  of  0.9S. 

The  three  nutliods  just  described  giw  the  reflection  factor  h\' 
illuminating  the  sample  evenly  from  all  directions.  Therefore  the 
reflection  factor  dcrivc-d  is  the  coefticient  of  dilTuse  reflection. 

The  reflection  factor  of  a  niunher  of  dilTuselv  reflecting 
surfaces  was  detenninrd  by  the  sphere  method  and  used  as  stand- 
ards to  calibrate  the  Kcfjection  Oannc.     Tlu*  Relh-ction  dange  is 
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a  graduated  half-tone,  printed  on  paper  having  a  reflection  factor 
of  0.85.  Therefore  a  range  can  be  measured  which  varies  from 
0.85  down  to  0.08.  This  instrument,  while  only  approximate, 
furnishes  a  guide  for  illumination  computation.  It  cannot  be 
used  for  the  measurement  of  surfaces  having  a  high  specular  re- 
flection or  for  surfaces  of  considerable  color  saturation. 

The  effect  of  reflection  factor  upon  illumination  is  very  con- 
siderable. Assume  that  a  light  source  in  space  gives  off  light 
equal  to  "F"  and  produces  an  illumination  at  unity  distance  of 
"I."  If  there  is  no  surface  to  receive  the  light,  there  will  be  no 
increase.  Now  place  this  light  source  in  the  center  of  a  sphere, 
the  sphere  walls  will  reflect  the  light  back  to  other  parts  of  the 
sphere  and  increase  "I,"  dependent  upon  the  reflection  factor  of 
the  sphere.    This  equation  developed  is  as  follows : 

I  -  F  +  Fr,  +  Fr,  -f  Fr,  -F  . . . .  Fr„ 

=  F  -f  F— ^  • 
I — r 

Now  substitute  for  "r" — reflection  factor  of  the  sphere — a 
value  of  0.5,  the  above  equation  becomes  I  =  F-|-Fxioran 
illumination  of  twice  that  which  would  be  received  upon  a  black 
or  totally  absorbing  surface.  Now  change  the  sphere  surface  to 
0.90,   a    value   which    is   entirely   within    reason,    and    we   have 

I  =r  F  4- F  X  -^or  10  times  the  illumination  that  would  obtain 
'  0.1 

in  a  sphere  with  black  walls.    Again  assume  the  sphere  to  be  made 

of   magnesium   carbonate   and   substituting   in   the   equation   we 

find  an  illumination  49  times  that  of  the  black  sphere.     This 

woud  mean  an  apparent  efficiency  of  4,900  per  cent. 

The  same  condition  with  a  somewhat  more  complicated  equa- 
tion would  apply  in  the  illumination  of  a  room.  Take  for  instance 
this  hall.  We  will  assume,  as  a  matter  of  convenience,  that  its 
dimensions  are  50  feet  x  80  feet  with  a  20-foot  ceiling,  the 
reflection  factor  of  the  ceiling  to  be  0.80  and  the  wall  to  be  0.65 
and  the  floor  0.15,  and  when  occupied  by  persons  wearing  dark 
clothes  it  would  probably  be  somewhat  less  than  0.15.     Without 
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Fig.    I. — Per  cent  increase  in  illumination  for  change  in   reflection  factor. 

going  through  the  entire  computations,  the  average  reflection 
factor  of  the  ceihng,  walls  and  floor  would  be  approximately 
0.55.  Substituting  in  the  equation,  you  will  find  an  average  il- 
lumination for  the  ceiling,  walls  and  floor,  of  2.2F,  or  an  illumi- 
nation of  double  what  might  be  expected  with  black  or  totally 
absorbing  walls,  ceiling  and  floor. 

In  Figure  i  the  rate  of  increase  of  illumination  for  an  increase 
in  reflection  factor  of  the  walls  of  a  sphere  is  shown,  and  while 
this  curve  cannot  be  relied  upon  to  give  accurate  results  for  rooms 
of  odd  dimensions,  particularly  with  furniture  in  place,  however 
it  does  serve  to  show  the  importance  of  reflection  factor  as  related 
to  illumination. 


DISCUvSSION 

The  papers  by  Messrs.  Little,  llallett.  I'.ryce  and   janinie  were 
discussed  together.     {See  page  357. 


THE  INFLUENCE  OF  PAINT  ON  INTERIOR 
ILLUMINATION* 


BY  R.  h.  HAI.LETT** 


SYNOPSIS:  This  paper  briefly  discusses  the  illumination  of  building  interiors, 
particularly  from  the  standpont  of  secondary  illumination  or  the  illumination  obtained 
by  reflection  of  light  from  walls  and  ceilings.  The  effect  of  color  and  surface  finish 
on  reflection  of  light  is  discussed,  and  information  is  given  concerning  the  reflection 
properties  of  paint  made  with  various  materials.  Durability  of  paint  films  as  affecting 
reflection  of  light  is  referred  to,  and  the  effect  of  the  opacity  of  pigment  as  in- 
fluencing reflection  of  light  is  brought  out.  The  results  of  experiments  showing  the 
reflection  factors  of  various  kinds  of  paint  and  the  durability  of  paints  of  different 
composition  are  given. 

The  usefulness  of  the  interiors  of  buildings  depends  largely 
on  their  proper  illumination.  During  the  hours  of  daylight,  il- 
lumination is  often  secured  by  allowing  the  daylight  to  enter  the 
building  interiors  through  suitable  windows  and  skylights.  Dur- 
ing the  hours  of  darkness  and,  in  many  cases,  during  the  day- 
light hours  also,  it  is  necessary  to  depend  on  artificial  illumina- 
tion. 

When  we  consider  artificial  illumination,  we  all  realize  that 
the  production  of  artificial  light  always  carries  with  it  a  certain 
cost,  whether  it  be  for  fuel  burned  in  a  power  plant  or  for  the 
purchase  of  electrical  current  or  gas. 

The  fundamental  thought  in  connection  with  illumination, 
whether  it  be  by  daylight  or  artificial  light,  involves  the  utiliza- 
tion of  the  direct  rays  of  light  leaving  the  source  of  illumination, 
which  may  be  the  sun,  the  electric  lamp  or  arc,  or  the  gas  flame, 
and  striking  that  portion  of  the  interior  or  the  objects  contained 
therein  which  are  to  be  illuminated. 

It  is  a  w^ell-known  law  of  li-o^ht  that  in  .case  of  a  source  of 
relatively  small  dimensions  the  illumination  produced  varies  in- 
versely as  the  square  of  the  distance  from  the  source. 

*A  paper  presented  before  the  New  York  Section  of  the  Illuminating  Engineering 
Society,  October  13,  1922. 

**Research  I,aboratories,  National  I<ead  Co.,  Rrooklyn,  N.  Y. 

The  Illuminating  Engineering  Society  is  not  responsible  for  the  statements  or 
opinions   advanced  by   contributors. 
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In  the  case  of  direct  sunlight,  the  decrease  in  the  strength  of 
illumination  between  the  window  through  which  the  light  enters 
-and  the  portion  of  the  interior  which  is  to  be  illuminated  is  very 
slight,  owing  to  the  fact  that  this  distance  is  but  an  infinitesimal 
part  of  the  total  distance  from  the  source  of  light,  or,  in  other 
words,  the  distance  from  the  sun. 

On  the  other  hand,  in  considering  illumination  from  an  elec- 
tric lamp  or  arc,  or  a  gas  flame,  it  is  evident  that  the  intensity 
of  the  illumination  decreases  very  rapidly  as  the  distance  from 
the  source  increases.  These  fundamental  considerations,  which 
are  very  simple  matters  to  you,  as  illuminating  engineers,  are 
brought  out  to  show  the  importance  of  illumination  and  the  im- 
portant economic  considerations  which  may  be  involved. 

SECONDARY    ILLUMINATION 

By  secondai*y  illumination  we  mean  light  coming  from  the 
original  source  but  reflected  by  the  walls  and  ceilings  of  the 
interior  in  such  a  way  as  to  be  thrown  back  into  the  room,  thus 
adding  to  the  direct  illumination  and,  in  many  cases,  placing 
the  light  where  it  is  most  needed. 

Generally  speaking,  the  reflection  of  light  from  a  surface  is 
determined  almost  entirely  by  the  color  of  the  surface.  This  is 
evidently  so  because  color  is  the  physiological  optical  impression 
made  on  the  human  eye  by  the  light  rays  which  strike  the  colored 
object  and  which  are,  in  turn,  reflected  to  the  eye. 

Dark  colored  surfaces  (the  limiting  color  of  which  is  absolute 
black)  absorb  a  large  amount  of  light  which  strikes  them  and 
do  not  reflect  such  absorbed  light.  Light  colored  surfaces,  on 
the  other  hand  (the  limit  of  which  is  pure  white),  reflect  a  large 
amount  of  ihv  light  which  strikes  them,  and  such  reflected  light 
produces  the  impression  of  light  colors  on  the  human  eye  and 
tends  to  illumine  the  space  into  which  the  light  is  reflected. 

In  the  i)ainting  of  walls  and  ceilings,  there  arc  manv  ques- 
tions involved,  among  which  are  liglit  reflection,  decorative  ef- 
fect, and  the  dural)ility  of  the  ])aint  film.  Under  durabilitv,  we 
might  include  the  ability  of  the  paint  film  to  indefinitely  remain 
as  a  perfect  unbroken  structural  coating,  and  also  wc  miglit  in- 
clude the  pcrin.'iiiency  of  tlie  decorative  effect  and  the  ht^ht  re- 
flecting j)roperties. 
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In  this  discussion  we  are  concerned  principally  with  the  ques- 
tion of  light  reflecting  properties,  but  we  must  bear  in  mind  that 
any  paint  problem,  even  if  light  reflection  is  of  predominating 
interest,  must  also  include  the  consideration  of  durability  and 
decorative  effect.  From  theoretical  considerations,  as  fully  sub- 
stantiated by  observation  and  innumerable  tests  and  experiments 
we  know  that  a  white  surface  reflects  more  light  than  a  darker 
one. 

With  the  paint  materials  at  our  command,  it  is  impossible  to 
produce  a  paint  which  is  either  perfectly  white  or  perfectly  black. 
We  can,  however,  approach  these  limits,  and  we  may  also  pro- 
duce various  light  and  dark  shades  between  white  and  black, 
varying  in  light  reflecting  value  in  accordance  with  the  shade. 
It  will,  therefore,  be  seen  that  if  we  desire  high  illumination  of 
an  interior  or  the  greatest  economic  utilization  of  a  certain  source 
of  illumination,  walls  and  ceilings  should  be  painted  white  or 
in  the  lighter  tints,  such  as  light  cream,  blue,  pink,  ivory,  etc., 
and  if  the  darker  colors  are  used,  we  must  realize  that  they 
should  be  handled  advisedly,  and  that  by  their  use  some  of  the 
illumination  will  be  sacrificed. 

While  it  is  true  that  white  is  the  color  which  has  the  greatest 
light  reflection,  we  realize  that  a  white  surface  is  often  trying 
to  the  eye,  and,  generally  speaking,  is  not  suitable  for  obtaining 
artistic  results  where  the  decorative  effect  must  be  largely  con- 
sidered. 

Beyond  pointing  out  the  difference  in  light  reflecting  value  of 
light  and  dark  tints,  I  will  not  attempt  to  give  definite  figures 
for  different  shades  and  colors,  but  such  figures  from  fairly 
reliable  sources  are  available  and  may  be  used  to  good  advantage 
in  painting  work  in  connection  with  illuminating  problems. 

surface:  finish 

There  is  one  other  paint  characteristic  which  materially  affects 
illumination,  and  that  is  the  surface  finish  of  the  paint  film.  By 
surface  finish  we  mean  the  degree  of  gloss  or  flat  which  results 
after  the  paint  film  has  been  applied  and  has  dried.  All  degrees 
of  gloss  may  be  secured,  varying  from  a  very  high  gloss  to  an 
almost  perfect  flat.     The  degree  of  gloss  of  the  surface  finish 
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is  obtained  by  a  proper  mixture  of  the  materials  used  in  the 
making  of  the  paint. 

Extensive  experiments  have  shown  that  for  paint  films  of  the 
same  color,  the  total  light  reflection  is  substantially  the  same, 
no  matter  what  degree  of  gloss  or  fiat  the  surface  may  have. 
In  the  case  of  a  gloss  surface,  the  rays  of  light  coming  from 
the  source  strike  the  surface  and  are  reflected  from  the  plane 
of  the  surface  in  conformity  with  the  laws  of  reflection,  that  is, 
the  angles  of  reflection  will  be  equal  to  the  angles  of  incidence. 
For  this  reason,  the  more  or  less  parallel  or  only  slightly  diver- 
gent rays  of  light  striking  a  small  area  of  a  gloss  surface  are 
reflected  together  in  concentrated  form,  often  reflecting  the 
image  of  the  source  of  illumination,  and  almost  invariably  giv- 
ing high  light  glare  which  causes  eye-strain.  Such  concentrated 
reflection  usually  produces  over-illumination  in  certain  portions 
of  the  room,  and  under-illumination  in  some  of  the  darker  cor- 
ners. The  eye-strain  caused  by  the  high  light  glare  usually  re- 
sults in  an  abnormal  contraction  of  the  pupil  of  the  eye  which 
gives  the  impression  of  lower  illumination  than  actually  exists. 

On  the  other  hand,  rays  of  light  striking  a  flat  surface  are 
broken  up  and  diffused  in  all  directions  so  that  the  glaring  high 
lights  are  eliminated  and  the  room  does  not  have  either  over- 
illuminated  or  under-illuminated  portions.  In  other  words,  the 
total  light  reflected  by  a  gloss  and  a  flat  surface  is  substantially 
the  same,  but  the  secondary  illumination,  produced  by  the  flat 
surface,  is  better  because  it  is  more  uniformly  distributed.  We 
would  point  out,  however,  that  a  slight  suggestion  of  gloss,  some- 
times called  a  slight  eggshell  finish,  is  more  artistic  than  a  perfectly 
flat  finish,  and,  practically  speaking,  has  about  the  same  light  re- 
flecting properties. 

In  considering  light  reflecting  qualities  of  paints,  the  white 
paints,  and  the  light  tints,  consisting  principally  of  white  paints 
with  a  small  amount  of  tinting  material,  are  the  most  important, 
as  they  give  the  highest  light  reflection.  Some  recent  carefully 
conducted  experiments  have  been  made  to  determine  the  relative 
light  reflecting  value  of  paints  made  with  white  lead,  Titanox, 
zinc  oxide  and  lithopone.  These  white  |)ignKMits  were  selected  as 
representing  the  pigments  generally  used  in  tlu-  manufacture  of 
wall  j)aints  for  intciMor  use. 
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While  it  is  true  that  some  slight  differences  in  the  light  re- 
flection of  various  white  pigments  in  the  dry  form  may  be  de- 
tected, the  object  of  these  experiments  was  to  determine  the 
relative  light  reflection  value  of  commercial  paint  mixtures. 
Paints  of  the  highest  class,  in  which  these  various  pigments  were 
used,  were  purchased  in  the  open  market.  Only  paints  with  the 
best  reputation  and  selling  for  the  highest  price  were  included, 
and  they  were  applied  to  panels  in  a  regular  workmanlike  man- 
ner. The  paints  were  secured  and  the  panels  were  prepared 
at  the  Research  Laboratories  of  the  National  Lead  Company. 
The  light  reflection  factors  were  determined  by  the  Electrical 
Testing  Laboratories  of  New  York  City. 

The  results  of  these  tests  were  as  follows : 

Kind  of  paint  I<ight  reflection  factor 

White  lead    0.75  to   0.77 

Titanox  0.79 

Zinc  oxide 0,77 

Lithopone   0.75  to  0.78 

In  the  case  of  the  white  lead  paints  and  the  lithopone  paints, 
a  number  of  samples  were  procured,  but  in  the  case  of  the  Tita- 
nox paint  and  the  zinc  oxide  paint,  it  was  only  possible  to  find 
one  high-grade  paint  of  each  kind  which  contained  only  the  par- 
ticular pigment  in  question. 

From  these  figures  it  will  be  seen  that,  practically  speaking, 
there  is  no  material  difference  in  the  light  reflection  factors  of 
the  best  white  paints  as  first  applied,  no  matter  which  of  the 
four  pigments  is  used  in  making  them. 

PERMANENCY 

The  next  important  question  is  the  permanency  of  the  light  re- 
flection qualities. 

There  is  more  or  less  dust  in  the  atmosphere  in  all  buildings, 
and,  to  a  certain  extent,  dust  will  adhere  to  the  walls  and  ceil- 
ings of  buildings  interiors.  As  the  dust  is  almost  invariably  of  a 
darker  color  than  the  original  paint  film,  the  result  is  not  only  an 
unsightly  condition,  but  a  material  decrease  in  light  reflection 
value.     The  adherence  of  dust  is  probably  not  related  to  paint 
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composition  and  probably  has  an  equal  effect  on  almost  any  paint 
which  may  be  applied. 

In  the  making  of  a  practical  paint  it  is  necessary  to  use  certain 
drying  oil  vehicles,  and  it  is  a  well-known  fact  that  all  of  these 
vehicles  tend  to  turn  yellow  after  the  paint  has  been  applied 
and  has  become  dry,  when  the  paint  is  not  exposed  to  sunlight 
or  strong  daylight.  This,  of  course,  is  the  condition  encountered 
in  many  building  interiors. 

While  all  of  the  vehicles  yellow  to  some  extent  under  these 
conditions,  some  of  them  yellow  much  more  rapidly  and  to  a 
much  greater  degree  than  do  others.  Linseed  oil,  perhaps  the 
most  important  and  most  valuable  drying  oil  known  in  the  paint- 
ing art,  is,  unfortunately,  the  greatest  offender  from  the  stand- 
point of  yellowing  when  the  paint  film  is  not  exposed  to  sun- 
light or  strong  daylight. 

It,  therefore,  becomes  necessary,  in  the  manufacture  of  paints 
for  interior  use,  to  use  the  smallest  possible  amount  of  linseed 
oil  in  such  paints  and  to  design  the  vehicles  specially  to  resist 
the  yellowing. 

All  of  the  work  which  has  been  done  on  this  subject  points 
to  the  fact  that  the  yellowing  of  paint  films  is  almost  entirely  a 
question  of  the  vehicle,  and  is  not  due  to  the  pigment,  because 
by  the  use  of  proper  vehicles,  paints  which  will  satisfactorily 
hold  their  color  when  used  for  interior  work  are  being  made 
with  all  of  the  pigments,  and  such  paints  in  commercial  form 
are  now  on  the  market, 

OPACITY 

As  reflection  of  light  is  a  real  light  phenomenon,  it  is,  of  course, 
influenced  by  the  opacity  of  the  paint  film  as  well  as  by  its  color. 
It  is  evident  that  a  paint  film  which  transmits  the  incident  rays 
of  light  striking  it  will  fail  to  reflect  the  light,  and  the  result  will 
be  the  same,  whether  incident  light  is  transmitted  or  absorbed 
as  far  as  light  reflection  is  concerned. 

I'^or  this  reason,  [)ignients  having  great  opacity  give  the  great- 
est reflection  of  light.  The  opacity  or  reflecting  power  of  a  pig- 
ment is  largely  due  to  its  refractive  index  as  com]>arcd  to  the 
refractive  index  of  the  vehicle  in  whicii  it  is  used.    (Vcat  opacity 


344  TRANSACTIONS   I.    E.    S.,   APRIL,    1 923 

is  obtained  by  having  the  greatest  difference  in  refractive  index 
between  the  pigment  and  vehicle.  Such  pigments  as  white  lead, 
Titanox,  zinc  oxide  and  lithopone  have  a  very  high  refractive 
index,  and  the  difference  in  refractive  index  between  them  and 
the  paint  vehicles  is  quite  great. 

On  the  other  hand,  such  paint  materials,  sometimes  incor- 
rectly called  pigments,  as  barytes,  China  clay,  asbestine,  whiting, 
silica,  magnesium  carbonate  and  gypsum,  have  a  comparatively 
low  refractive  index,  differing  little  from  that  of  the  paint  vehi- 
cles, and  when  used  with  the  paint  vehicles  in  the  form  of  a 
paint  film,  they  almost  entirely  lose  their  opacity,  and  paints 
made  with  them  (even  when  they  contain  enough  of  these  mate- 
rials to  produce  mixtures  of  very  heavy  brushing  consistency) 
become  almost  transparent.  It  will,  therefore,  be  seen  that,  from 
the  standpoint  of  reflection  of  light,  the  use  of  these  extender 
pigments  should  be  condemned,  as  they  have  comparatively  no 
light  reflecting  properties. 

DURABILITY 

We  could  not  complete  a  discussion  of  paints  for  any  purpose 
without  including  the  durability  of  the  paint  film  itself.  By  dura- 
bility we  mean  the  ability  of  the  paint  film  to  maintain  its  orig- 
inal smooth  unbroken  condition  and  its  firm  adherence  to  the 
surface  over  which  it  is  applied.  In  others  words,  a  paint  film 
should  permanently  remain  a  perfect  unbroken  part  of  the  struc- 
ture. 

Practically  speaking,  there  is  little  chemical  change  in  dry 
paint  films  made  with  white  lead,  Titanox  or  zinc  oxide.  On 
the  other  hand,  paints  made  with  lithopone  do  sometimes  show 
a  change  due  to  the  oxidation  of  the  pigment  itself.  You  may 
be  interested  to  know  that  lithopone  is  a  composite  pigment  con- 
sisting of  about  72  per  cent  of  barium  sulphate  and  28  per  cent 
of  zinc  sulphide.  The  zinc  sulphide  is  susceptible  to  oxidation 
through  action  of  the  elements,  becoming  converted  to  zinc  sul- 
phate, which  is  soluble  in  water  and,  when  exposed  out  of  doors, 
is  rapidly  washed  away  by  the  rain.  When  applied  to  interior 
surfaces,  zinc  sulohide  in  lithopone  paints  slowly  undergoes  the 
same   oxidation,   forming  water   soluble   zinc   sulphate,   but   the 
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action  is  much  slower.  As  interior  walls  do  not  come  in  con- 
tact with  rain,  the  water  soluble  zinc  sulphate  is  not  washed  off, 
but,  under  some  conditions,  when  the  walls  are  washed  to  clean 
them,  it  will  be  found  that  a  considerable  portion  of  the  paint 
film  has  become  soluble  and  is  removed.  This  was  brought  out 
sometime  ago  in  a  series  of  tests,  where  about  fifty  flat  wall 
paints  (being,  at  that  time,  practically  all  of  the  flat  wall  paints 
that  were  for  sale)  were  applied  to  an  interior  wall  in  an  office. 
At  the  end  of  a  number  of  years,  washing  tests  were  made  by 
rubbing  each  of  the  paints  with  a  damp  black  cloth.  Those 
paints  having  a  pigment  consisting  of  white  lead  or  zinc  oxide 
showed  no  water  soluble  material,  but  practically  all  of  the  paints 
containing  lithopone  did  show  water  soluble  material,  and  the 
degree  to  which  the  pigment  could  be  removed  with  a  damp  cloth 
was  in  direct  proportion  to  the  amount  of  lithopone  contained  in 
the  paint. 

You  all  know  that  different  substances  expand  and  contract 
with  changes  of  temperature,  metals  showing  the  greatest  change 
in  this  respect.  It  may  be  a  new  thought  that  such  materials 
as  wood  and  plaster  also  expand  and  contract  with  changes  of 
temperature,  but  such  is  the  fact,  although  the  changes  are  much 
less  than  with  metals. 

Furthermore,  wood  expands  and  contracts  under  different  at- 
mospheric moisture  conditions,  and  shrinks,  particularly  across 
the  grain,  as  it  ages.  Plaster  also  shrinks,  particularly  during 
the  first  few  years  of  its  life,  so  that  there  arc  real  movements 
of  expansion  and  contraction  in  wood  and  j)lastcr  surfaces. 

If  a  paint  film  is  to  remain  unbroken  and  is  to  adlure  perfectly 
throuijliout  its  life,  it  must  bo  able  to  follow  tlic  expansion  and 
contraction  of  the  surface  o\cr  wliicli  it  is  applied.  This  re- 
quires a  paini  lilin  wliieli  retains  some  elasticit\'  so  as  to  enable 
it  to  follow  the  movements  of  the  surface  withont  rnpturc  and 
subsecjucnt    scaling   of    the    film. 

Most  of  the  paint  vehicles  dry  to  a  lihn  whieh  is  relatively 
elastic,  v^neh  is  not  the  ease,  however,  with  all  of  the  paiiU  films 
made  n|>  of  both  pigmeiU  and  vehicle,  as  some  of  the  pigments 
act  on  the  \ehiele  in  sueli  a  way  as  to  jjioduee  hard  and  brittle 
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films  which  tend  to  crack  and  scale  after  they  have  been  applied 
for  some  time.  It  will,  therefore,  be  seen  that  the  production 
of  a  durable  paint  film  requires  the  use  of  a  pigment  which 
will  allow  the  paint  film  to  remain  sufficiently  elastic.  Many 
years  of  experience  have  shown  that  paints  made  with  white 
lead  are  pre-eminently  satisfactoi*y  from  this  standpoint,  as  they 
retain  sufficient  elasticity  throughout  their  life,  and  practically 
always  remain  as  an  unbroken  film  adhering  to  the  surface  over 
which  they  are  applied. 

DISCUSSION 

The  papers  by  Messrs.  Little,  Hallett,  Bryce  and  Jamme  were 
discussed  together.     See  page  357. 
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SYNOPSIS:  The  author  describes  two  general  classes  of  paints — Oil  Paints 
and  Water  Paints.  In  the  first  ciass  is  mentioned  lead  in  oil,  gloss  interior,  flit 
oil  paint,  gloss  and  flat  enamels;  in  the  second  class,  the  calsomines.  Proper  prep- 
aration of  the  painted  surface  for  light  reflection  is  discussed.  The  use  of  paint 
under  artificial  light  and  daylight  is  considered  as  well  as  other  factors  relating  to 
the  artistic  and  decorative  uses. 

Some  interesting  data  on  the  variation  of  reflection  factors  of  various  paints 
subject  to  different  conditions  are  found  in   the  accompan>nng  tables  in   the  paper. 

In  presenting  this  subject  one  should  first  classify  the  two 
general  classes  of  paints  used  for  this  purpose — that  is — Oil 
Paints  and  Water  Paints.  The  former  embracing  such  paints  as 
lead  in  oil,  gloss  interior,  or  more  commonly  known  as  gloss 
mill  paints,  flat  oil  paints  and  gloss  and  flat  enamels.  The  Water 
Paints,  generally  known  as  calsomines,  comprising  the  latter. 

Lead  in  oil  will  be  described  first  as  you  are  all  more  or  less 
familiar  with  this  product  and  no  doubt  have  seen  it  used  and 
heard  it  talked  of  by  the  painter  and  decorator.  This  material 
as  received  from  the  manufacturer  is  a  paste  product  and  is 
thinned  with  turpentine  by  the  painter  to  produce  a  semi-flat 
finish  for  interior  work.  The  fact  that  the  painter  controls  the 
mixing  of  this  paint  leads  to  the  possibility  of  materials  being 
introduced  that  might  be  anything  but  beneficial  from  a  light 
reflecting  stan(li)oint.  No  special  effort  has  been  made  by  the 
manufacturer  to  prepare  this  product  so  that  it  will  not  yellow 
materially  with  age.  It  is  also  very  susceptible  to  changes  due  to 
sulphur  gases  and  ammonia  fumes.  For  these  reasons  this  type 
of  paint  does  not  show  as  high  a  coefficient  of  reflection  as  do 
some  of  the  others,  particularly  after  a  few  months'  age. 

•A    paper    presented    before     the     Ni-w     York     Section     of     the     IlluiniiiatinK     ICngi- 
nccring    Society,    October     13,     iqjj. 

••Chief   Chemist.    IWnj.Tniiu    Moore    and    Co.,    Brooklyn,    N.    Y, 

'I'he     lllumiiiatiujj     l*!nj{ineei  iiig    Society     is    not     responsible     for    the    statements    or 
opinions    adv.anced    by    contributors. 
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The  second  type  of  oil  paint,  gloss  interior,  or  gloss  mill  white, 
is  received  by  the  consumer  prepared  in  liquid  form  ready  for 
use.  Its  coefficient  of  reflection  is  high — it  is  not  affected  ap- 
preciably by  sulphur  gases  nor  ammonia  fumes.  The  disadvantage 
of  a  paint  of  this  character  for  small  interior  work  lies  in  the 
fact  that  while  its  power  of  reflection  is  initially  very  high  and  is 
very  consistently  maintained,  it  suffers  from  specular  reflection 
which  is  annoying  and  disagreeable  to  the  occupants  of  small 
rooms.  However,  this  disadvantage  is  materially  subordinated 
where  it  is  used  for  large  work,  such  as  lofts  and  factories  where 
it  is  necessary  to  have  a  surface  which  does  not  collect  dust  and 
thereby  become  spoiled  as  a  light  reflecting  surface. 

The  so-called  flat  interior  oil  paints  are  probably  the  most  uni- 
versally favored  materials  used  for  interior  decoration.  This  is 
largely  due  to  the  fact  that  they  maintain  their  color  well,  can  be 
easily  cleaned,  give  a  soft  velvety  finish,  are  sanitary  and  give  a 
high  coefficient  of  reflection  which  is  well  maintained  throughout 
the  life  of  the  paint.  Their  composition  is  quite  variable,  however, 
so  that  in  making  a  selection  for  a  job  where  illumination  is  con- 
siidered,  it  would  be  advisable  to  secure  from  the  manufacturer 
the  records  of  reflection  coefficients  for  his  particular  paints,  or 
have  them  tested  by  a  laboratory  equipped  to  do  this  work.  The 
preparation  of  samples  for  this  work  should  be  carried  on  care- 
fully. They  should  be  applied  in  conformity  with  the  manufac- 
turer's instruction  for  the  particular  paint  to  be  tested,  preferably 
on  non-absorbent  material.  We  have  found  that  black  light  sheet- 
iron  discs,  3^  inches  in  diameter,  are  suitable  as  these  fit  the 
standard  disintegrating  sphere  photometer  aperture.  A  paint  of 
this  type  should  not  be  a  dead  flat  paint,  but  should  show  a  slight 
sheen  when  viewed  at  an  angle  of  30°.  This  sheen  or  slight  gloss 
serves  several  important  purposes — firstly,  dust  particles  do  not 
adhere  to  it — secondly,  it  is  easily  cleaned  and  consequently  it 
has  a  more  lasting  high  coefficient  of  reflection.  It  should  dr\^ 
sufficiently  hard  in  several  days  to  permit  washing  and  yet  be 
elastic  enough  to  meet  the  expansion  and  contraction  of  the  sur- 
face on  which  it  is  applied. 

Now  we  come  to  a  class  of  paints  familiar  to  all  of  you  and 
with  which  you  have  had  varied  experiences — that  is — enamels — 
gloss  and  flat.     You  probably  feel  that  I  have  left  one  out — I 
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have  purposely  omitted  eggshell  enamel  for  the  reason  that  no 
two  people  agree  as  to  what  the  finish  of  an  eggshell  enamel  should 
be.    Some  will  select  a  slightly  dull  gloss,  while  others  would  favor 
the  more  nearly  flat  variety— so  that  it  is  just  as  well  to  eliminate 
it  at  present.     The  highest  quality  enamels  found  in  the  market 
to-day  are  those  that  are  made  with  oil  as  the  principal  vehicle. 
The  reason  for  this  being  the  necessity  of  perfect  ease  of  working 
under  the  brush,  their  long  life  or  durability  and  the  facility  with 
which  they  can  be  rubbed  down  to  any  degree  of  finish  and  the 
fact  that  they  can  be  painted  over  at  some  future  time  without 
deterimental  effect  on  the  new  paint.    While  their  coefficient  of 
light  reflection  is  very  high,  they  are  not  the  ideal  finish  for  use 
to  enhance  light  reflection  on  account  of  their  inability  to  properly 
diffuse  the  light.     The  light  reflected  from  their  surface  suffers 
from  specular  reflection  and  consequently  produces  glare  which 
we  all  know  is  very  objectionable.    We  have  the  same  condition 
with  gloss  enamels  made  on  a  gum  base.    These  are  usually  made 
with  a  very  light  colored,  practically  water  white  gum,  known 
as  Gum  Damar,  and  are  quick  working— that  is  to  say— they  do 
not  work  as  freely  under  the  brush  as  do  oil  enamels.     They 
maintain  their  color,  however,  for  a  much  longer  period  and  con- 
sequently show  a  high  coefficient  of  reflection  for  a  longer  time. 
Owing  to  their  poor  brushing  properties,  they  are  not  generally 
used  on  walls  or  ceilings,  but  are  confined  to  small  work  such  as 
furniture,   etc.     Their  durability   is   not   as   great   due   to   their 
tendency  to  crack  and  flake  off  easily. 

W^e  now  come  to  the  nearest  approach  to  our  ideal  when  we 
consider  flat  enamels.  These  are  made  on  the  same  general  for- 
mula as  the  oil  gloss  enamels,  but  contain  a  very  much  higher 
percentage  of  pigment ;  hold  their  color  materially  better  and  are 
capable  of  having  their  pigment  modified  to  introduce  a  pigment 
which  has  in  itself  the  highest  coefficient  of  reflection  of  all  pig- 
ments, tliat  is,  magnesium  carbonate.  This  pigment  has  virtue 
in  this  respect,  when  used  in  a  flat  paint  of  this  type,  it  might  be 
claimed  by  sonu-  that  a  pigment  such  as  this  loses  its  power  of  re- 
flection when  mixed  with  oil  (and  this  is  true  up  to  a  certain 
point)  but  used  as  we  have  used  it  for  the  tests  which  we  have 
made  and  the  results  which   1    will  show  you  later,  we  have  not 
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used  sufficient  oil  to  entirely  destroy  the  reflective  power  of  this 
pigment  and  thereby  cause  light  absorption,  as  would  be  the  case 
if  we  tried  to  make  a  gloss  enamel  containing  this  pigment.  An 
enamel  of  this  composition  has  given  us  the  highest  initial  coeffi- 
cient of  reflection  and  has  maintained  this  high  factor  for  a  longer 
period  than  other  paint  product  that  we  have  known  to  be  tested. 
We  have  had  these  tests  running  from  1916  to  192 1  and  are  still 
continuing  them  with  the  hope  that  they  will  lead  us  further  in 
producing  a  still  more  efficient  paint  of  this  character. 

About  three  years  ago  we  produced  a  paint  for  certain  acousti- 
cal work  along  these  lines.  The  pigment  being  straight  magne- 
sium carbonate — this  is  ground  in  a  solution  of  rubber.  When 
applied  on  a  surface  it  dries  flat,  works  well  under  the  brush 
and  is  now  used  on  acoustical  treatments.  Its  coefficient  of  light 
reflection  is  the  highest  of  any  paint  that  we  have  had  tested, 
running  as  high  as  0.90.  However,  this  paint  in  its  present  form 
is  not  suitable  for  general  painting  work  as  it  will  not  stand 
rubbing  or  cleaning  and  collects  dust  readily. 

We  still  have  our  calsomine  group  to  consider.  They  are  sold 
to  the  consumer  in  dry  powdered  form  and  made  ready  for  appli- 
cation by  mixing  with  either  hot  or  cold  water,  depending  on  the 
character  of  the  binder  used  in  their  manufacture.  These  paints 
give  a  flat  finish,  having  a  very  high  coefficient  of  reflection.  They 
do  not  maintain  this  high  power  of  reflection,  however,  as  long 
as  do  the  oil  paints  mentioned  before,  for  the  reason  that  they 
collect  dust  more  readily  due  to  their  rough  surface  and,  there- 
fore, become  darker  in  color.  This,  of  course,  is  a  disadvantage 
in  the  use  of  this  class  of  paint  where  used  to  produce  a  light 
reflecting  surface,  but  on  the  other  hand  it  has  an  economical 
feature  which  must  not  be  overlooked.  It  is  easy  of  application, 
generally  requiring  but  one  coat  to  cover  a  surface.  The  cost 
of  the  material  is  low  and  the  surface  is  ready  for  use  in  a  couple 
of  hours  after  application — and  when  a  surface  of  this  material 
has  become  discolored  it  can  be  recalsomined  at  much  less  expense 
than  could  a  painted  job  be  repainted. 

I  might  say  that  in  producing  a  painted  surface  for  light  reflec- 
tion, it  is  very  necessary  that  the  surface  be  properly  prepared. 
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In  the  first  place  the  surface  must  be  perfectly  dry.  It  is  a  great 
mistake  to  take  chances  in  this  respect  for  blistering  or  peeling 
will  inevitably  result.  The  second  step  is  to  stop  suction — this  is 
done  on  wood  by  the  addition  of  more  oil  to  the  flat  paint  for 
first  coat  and  on  plaster  by  the  application  of  an  impervious  alkali 
resistent  elastic  size  or  surfacer.  Several  flat  coats  of  paint  should 
not  be  applied  one  on  top  of  the  other  as  this  produces  a  finish 
coat  that  is  too  dry  and  flat  and  results  ultimately  in  cracking  and 
peeling.    Some  oil  should  be  introduced  in  the  intermediate  coats. 

Up  to  the  present  we  have  only  considered  white  paints.  While 
these  are  by  far  the  most  important  and  the  best  light  reflecting 
surfaces,  we  still  have  to  deal  with  certain  other  conditions,  such 
as  the  predominating  source  of  light — whether  it  be  artifical  or 
daylight,  or  both,  and  also  the  artistic  and  decorative  side.  It  has 
been  shown  that  the  color  of  light  in  the  room  has  a  material 
effect  on  its  occupants  and  consequently  it  is  necessar}^  to  select 
colors  to  meet  these  requirements — but,  in  this  selection  it  is  also 
necessary  to  select  those  that  show  the  highest  light  reflection 
for  the  particular  tone  desired.  If  a  certain  shade  is  not  demanded 
and  it  is  desired  to  tint  the  room  and  at  the  same  time  maintain 
a  reasonably  high  coefficient  of  reflection,  it  is  well  to  select  a  tint 
of  a  neutral  green  tone,  made  by  mixing  a  blue,  red  and  yellow 
(each  should  be  of  the  highest  brightness)  in  combination  with 
any  of  the  high  light  reflection  whites  mentioned  before.  In 
using  a  tint  of  this  kind  you  secure  reflection  from  ordinary 
lighting  equipment  that  more  nearly  approaches  daylight  than 
with  any  other  color.  Any  paint  having  an  appreciably  lower 
coefficient  than  0.50  should  not  be  considered  from  a  light  reflec- 
tion standpoint, 

Mr.  M.  Luckiesh,  in  a  note^  published  in  the  Transactions, 
gave  some  very  interesting  figures  on  the  light  reflection  of  a 
number  of  pigment  colors,  but  unfortunately  these  colors  from 
difi^erent  manufacturers  vary  to  such  a  large  degree  that  we  feel 
the  necessity  of  going  still  further  in  these  tests,  considering  more 
carefully  brightness  and  clearness  of  tone,  which  undoubtedly 
influences  tin-  light  reflection  factor  of  the  tints  made  from  dif- 

*  "Reflection     l*;ictors     of     Powdcrtd       riKmcnts     for     Various     llluinitiants,"     M. 
Luckicnh,    Trans.    I.    K.    S.,    1022,    XVII.    p.    .115. 
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ferent  batches  of  color  from  the  same  and  different  manufacturers, 
but  having  the  same  chemical  composition.  However,  we  do  know 
that  by  eliminating  the  use  of  black  as  a  tinting  color  in  tinted 
paints,  their  reflection  factor  is  higher.  This  lowering  of  the 
reflection  factor  due  to  the  use  of  black  is  unquestionably  due  to 
great  absorption  of  light  by  the  black. 

In  securing  the  data  as  shown  in  Table  I,  the  original  tests  were 
made  by  the  following  method.  (The  figures  however,  have  been 
corrected  for  comparison  to  read  on  a  basis  of  0.98  for  magne- 
sium carbonate)  :     Each  sample  was  placed  in  the  center  of  an 

TABLE  I 
REF1.ECT10N  Factors 
Samples  kept  in  light 


Initial 

Samples 

coefficient 
Jan.  12/16 

Apr.,  1916 

May,  1916 

June,  1916 

Jan.,  1917 

Aug.,  1921 

I 

0.85 

0.80 

0.80 

0.80 

0.81 

0.78 

2 

0.87 

0.81 

0.81 

0.81 

0.81 

0.79 

3 

0.86 

0.79 

0.80 

0.81 

0.81 

0.76 

4 

0.87 

0.87 

0.85 

0.85 

0.85 

0,74 

5 

0.82 

0.78 

0.79 

0.79 

0.75 

0.59* 

6 

0.85 

0.79 

0.79 

0.80 

0.77 

0.77 

7 

0.84 

0.77 

0.75 

0.75 

0.75 

0.74 

8 

0.83 

0.74     . 

0.75 

0.75 

0.75 

0-75 

Sampl 

es  kept  in 

dark 

Initial 

Samples 

coefficient 
Jan.  12/16 

Apr.,  1916 

May,  1916 

June,  1916 

Jan.,  1917 

Aug.,  1921 

I 

0.85 

0.80 

0.80 

0.80 

0.80 

0.70 

2 

0.87 

0.81 

0.87 

0.87 

0.81 

0.71 

3 

0.86 

0.79 

0.79 

0.79 

0.77 

0.715 

4 

0.87 

0.81 

0.80 

0.75    , 

0.73 

0.64 

5 

0.82 

0.80 

0.80 

0.80 

0.80 

0.72 

6 

0.85 

0.80 

0.77 

0.77 

0.74 

0.74 

7 

0.84 

0.72 

0.74 

0.74 

0.74 

0.69 

8 

0.83 

0,72 

0.74 

0.74 

0.74 

0,70 

♦Sample  destroyed  by  cleaning. 

(i)  A  magnesium  bearing  flat  enamel  stippled;  (2)  The  same  enamel  unstippled; 
(3) Flat  lithopone  oil  paint  stippled;  (4)  The  same  paint  plain  or  unstippled;  (5) 
Calsomine  plain  or  unstippled;  (6)  Calsomine  stippled;  (7)  Lead  in  oil  thinned  v/ith 
turpentine   plain;    (8)    The   same   stippled. 
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integrating  sphere  and  illuminated  by  the  light  of  a  concentrated 
filament  lamp  shining  through  an  opening  in  the  top  of  the  sphere. 
The  light  fell  on  the  paint  at  an  angle  of  45  degrees.  The  interior 
of  the  sphere  received  only  such  light  as  had  first  been  reflected 
by  the  paint.  To  effect  a  standardization  a  flat  block  of  magne- 
sium carbonate  (commercial)  was  substituted  for  the  sample. 
The  value  of  the  coefficient  of  reflection  of  this  block  was  taken 
as  0.88  in  accordance  with  the  experiments  of  Messrs.  P.  G. 
Nutting,  L.  A.  Jones  and  F.  A.  Elliott.^ 

From  Table  I  the  results  would  indicate  that  the  nature  of  the 
surface  of  the  paint  where  stippled  or  plain  has  an  influence  on 
the  reflection  factor  obtained.  The  plain  painted  surface  showing 
a  slightly  better  degree  of  reflection.  This  may  be  due  to  the 
slightly  rougher  surface  of  the  strippled  samples  holding  more 
dust  particles.  I  might  explain  to  those  that  are  not  familiar 
with  the  term  stipple  that  what  is  meant  is  that  the  paint  has 
been  patted  while  in  the  wet  state  with  a  long  haired  brush  which 
gives  the  appearance  of  stucco. 

TABLE  II 


After  one 

After  four 

Sample 

Initial 
Coeff. 

Per  cent 

month 
CoeflF. 

Per  cent 

months 
Coeff. 

Percent 

Color 

I 

0.92 

100 

0.865 

94 

0.85 

92 

White 

2 

0.88 

100 

0.80 

91 

0.80 

91 

White 

3 

0.87 

100 

0.76 

87 

0.765 

88 

White 

4 

0.855 

100 

0.80 

93-4 

0.80 

93-5 

White 

5 

0.845 

100 

0.815 

96 

0.805 

95 

White 

6 

0.83 

100 

0.74 

89 

0.74 

89 

White 

7 

0.825 

100 

0.74 

90 

0.74 

90 

White 

8 

0.82 

100 

0.77 

94 

0.75 

91 

White 

9 

0.81 

100 

0.745 

92 

0.75 

92.5 

White 

10 

0.76 

100 

0.66 

87 

0.67 

88 

Green 

II 

0.63 

100 

0.53 

84 

0.56 

89 

Green 

12 

0.61 

100 

0.535 

88 

0.53 

87 

Green 

13 

0.55 

TOO 

0.48 

87 

0.48 

87 

Green 

1 

Table  II  gives  a  prominent  illuminating  engineer's  interpre- 
tation of  the  results  of  phometric  reading  obtained  on  over  kx) 
different  paints  tested.     The  best  nine  samples  were  selected  for 


'"Tests  of   Some   Possible   Reflecting  Power   Standards,"   Trans.   I.    E).   S.,    1914, 
IX,  p.  593. 
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comparison.  You  will  note  that  the  sample  which  gave  the  highest 
initial  value  when  figured  on  a  percentage  efficiency  basis  does 
not  show  up  so  well,  for,  as  you  will  note,  it  is  still  decreasing 
after  4  months'  test.  These  samples  were  prepared  somewhat 
differently  from  the  average  samples  prepared  for  a  test  of  this 
kind.  Three  coats  of  the  paints  were  applied  on  concrete.  This 
gives  us  a  possible  explanation  of  the  very  high  factor  shown, 
for  as  I  mentioned  before,  three  coats  of  flat  paint  applied  one 
over  the  other,  causes  the  finished  coat  to  be  very  dry,  thus 
giving  more  the  effect  of  a  dry  pigment  than  the  original  paint 
would  have  when  applied  properly  over  a  non-porous  surface. 
It  has  been  shown  by  Mr.  H.  A.  Gardner^  that  the  light  reflec- 
tion factors  of  dry  pigments  are  considerably  higher  than  paints 
containing  them.  So  that  it  would  be  reasonable  to  suppose  that 
these  high  figures  could  be  explained  in  that  way.  I  have  shown 
you  this  chart  so  that  when  judging  a  paint  from  a  photometric 
test  that  you  will  not  be  misled  by  a  high  initial  coefficient  factor, 
but  rather  be  guided  by  this  in  combination  with  its  maintenance 
of  this  high  factor  through  a  period  of  time. 

In  conclusion  I  would  say  that  there  are  paints  obtainable  in 
the  markets  prepared  as  outlined  before  and  if  a  little  care  is 
exercised  in  their  selection,  no  difficulty  need  be  encountered. 

DISCUSSION 

The  papers  by  Messrs.  Little,  Hallett,  Bryce,  and  Jamme  were 
discussed  together.    See  page  357. 

^  "Reflection  Factors  of  Industrial  Paints  and  Pigments,"  H.  A.  Gardner,  Trans. 
I.    E.    S.,    1922,    XVII,    p.    318. 


PAINT  AS  AN  AID  TO  ILLUMINATION  FROM  THE 
MACHINERY  PAINTING  ANGLE* 


BY    L.    E:.    JAMME** 


SYNOPSIS:  Efficiency  of  proper  illumination  fixtures  at  point  of  production 
enhanced  by  painting  machine  tools  and  machinery  in  a  light  color.  Essentials  to 
be  considered  in  determining  the  characterstics  of  a  proper  finish.  Selecting  the 
color.  The  reason  for  light  gray.  Benefits  accruing.  How  Illuminating  Engineers 
can  further  their  own  efforts. 

Efficient  lighting  has  become  so  well  recognized  as  a  power- 
ful influence  in  factory  production  that  light  colored  walls  and 
ceilings  and  proper  illuminating  fixtures  are  now  commonly 
found  in  most  modern  industrial  plants. 

Picture  these  two  efficiency  factors,  light  colored  walls  and 
ceilings,  and  proper  lighting  fixtures,  as  the  two  sides  of  a  tri- 
angle, and  it  becomes  apparent  at  once  that  their  effect  will  be 
enhanced  through  completing  the  triangle,  by  bringing  more  light 
to  the  actual  point  of  production :  the  machines  themselves. 

Early  in  1921,  when  a  survey  was  made  of  a  representative 
cross-section  of  the  machine  tool  industry  (which  by  the  way, 
was  extremely  dormant  just  at  that  time),  it  was  found  that 
while  no  particular  enthusiasm  existed  for  a  standard  light 
colored  finish,  most  manufacturers  were  "willing  to  be  shown." 
In  other  words,  if  there  developed  on  the  part  of  users  of  ma- 
chinery and  machine  tools,  a  sufficient  trend  toward  some  par- 
ticular light  colored  finish  which  could  be  adopted  as  a  standard 
the  machine  tool  builders  would  give  interested  and  possibly 
favorable  consideration  to  the  subject. 

It  might  seem  at  first  thought,  that  the  simplest  way  in  which 
to  complete  the  triangle  of  brightness  would  be  to  paint  the  ma- 
chines white.  However,  investigation  quickly  showed  that  white, 
aside  from  the  ease  with  which  it  became  soiled,  had  other  dis- 
advantages— notably  the  one  of  eye  dazzle,  ])roduced  by  great 
areas  of  white  below  the  center  of  vision — an  effect  similar  to 

•A  paper  presented  before  the  New  York  Section  of  the  Illuminating  Engi- 
neering   Society,    October    13,     1922. 

••Assistant    A<Iv<rtising  Manager,    llilo   Varnish   (\)rporatioii,    Hrooklyn,   N.   Y. 

The  Illuniin.-iting  Engineering  Society  is  not  resi)()n.sil)le  for  the  statements  or 
opinions    advanced    by    contributor.s. 
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snow  blindness.  So  in  choosing  what  seemed  to  be  the  logical 
light  colored  finish,  there  were  several  essential  points  to  be  con- 
sidered: (a)  It  must  be  several  steps  away  from  white  and  yet 
possess  a  high  coefficient  of  reflection;  (b)  It  must  be  oil  and 
gasoline  proof  and  have  a  tough  film  that  would  stand  constant 
wear,  and  wiping  with  gasoline  or  benzine;  (c)  It  must  have 
sufficient  elasticity  to  withstand  constant  vibration,  and  the  sur- 
face should  be  smooth  and  sufficiently  glossy  to  permit  easy 
wiping;  (d)  While  glossy,  it  must  not  be  bright  enough  to  cause 
eye  dazzle;  (e)  It  must  have  sufficient  hiding  power  to  cover  in 
one  coat;  (f)   It  must  be  acceptable  from  a  sales  standpoint. 

No  doubt  you  are  all  familiar  with  the  Bulletin  of  Lighting 
Data  compiled  by  Mr.  A.  L.  Powell  of  the  Edison  Lamp  Works, 
issued  in  May  of  this  year.  Reference  to  his  table  of  reflection 
factors  indicates  that  either  buff  or  medium  green  should  prove 
ideal.  However,  from  a  sales  standpoint  it  was  quickly  found 
that  neither  was  acceptable. 

So  it  was  determined  after  investigation  and  much  experi- 
menting that  one  certain  shade  of  light  gray  embodied  all  of  the 
essential  points  in  a  higher  degree  than  white,  cream,  buff,  ivory 
or  light  green, — with  the  exception  that  it  had  a  reflection  factor 
of  only  33  per  cent,  when  tested  against  the  magnesia  block. 
This  was  offset  by  the  fact  that  it  was  a  more  acceptable  color 
from  a  sales  standpoint,  than  any  of  those  just  mentioned.  At 
the  same  time  it  had  sufficient  hiding  power  to  cover  over  black 
in  one  coat — a  feature  of  importance  in  keeping  the  finishing 
cost  at  a  minimum,  at  least  where  users  of  machinery  who 
wished  to  refinish  their  equipment,  were  concerned. 

As  the  development  of  the  idea  of  a  light  gray  finish  progressed 
among  users  of  machinery  and  machine  tools,  largely  through 
the  influence  of  Safety  First  Engineers  and  Welfare  Divisions, 
many  plants  adopted  this  finish  for  repainting  their  equipment, 
and  were  quick  to  realize  the  benefits  accruing  in  increased  pro- 
duction, through  lessened  spoilage  and  rejections,  and  a  better 
morale  among  operatives  as  a  result  of  working  in  brightened 
surroundings. 

And  we  might  say,  that  experience  is  showing  more  and  more 
every  day,  that  there  is  a  distinct  trend  toward  the  light  gray 
finish,  although  the  particular  shade  of  light  gray  demanded  by 


'''^'-    ••  — 'J'hf^   ^"ffttt   of   a   light    finish   on    a  httRc    Bliss    Press   is   shown    at    the   left. 
This    machine   is   painted    white,    note    the   condition    before    paintinii    at    the    rit-ht. 


FiK.  ;•  T.'^l"  surf.ues  n.  ihe  tool  room  of  ,hr  X.uiun.d  (\-,sh  Rcijistrr  rompanv. 
Dayton.  Ohio.  Muse  machines  a,,-  Cnish.-.l  n.  a  p,  .,  ,,..„  .i,,,],.  This  e.mce.n 
was  amon^:  the  fus,  ,o  ,eeo,ni/e  the  valne  of  !i,h,  eolore.l  r.nish  .m  machines  for 
precision   work. 
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different  users  of  machine  tools,  varies  somewhat  with  the  pre- 
ference or  whim  of  the  individual.  This  variant  however,  could 
be  overcome  by  the  machine  tool  builders  and  machinery  manu- 
facturers adopting  a  definite  shade  of  light  gray  as  the  stand- 
ard finish  in  their  industry. 

And  you  gentlemen  of  the  I.  E.  S.,  in  your  capacity  as  illu- 
minating engineers,  are  in  a  position  to  render  signal  aid  to 
production  engineers  in  all  branches  of  industry,  through  the 
advocacy  of  the  light  gray  finish  on  machinery  and  machine 
tools. 

DISCUSSION 

F.  G.  BrEyer  :  I  believe  it  would  be  really  interesting  to  the 
members  of  this,  your  valuable  Society,  to  get  some  perspective 
on  the  historical  side  of  this  painting  situation.  You  undoubtedly 
have  all  noticed  lately  when  you  go  into  a  modern  hotel  or  a 
modern  building  of  any  sort,  the  first  thing  that  strikes  you  is 
that  everything  is  painted.  Ten  years  ago  if  you  had  gone  into 
that  same  building  and  it  was  not  all  decorated  up  with  wall  paper 
you  would  have  thought  it  was  at  least  fifteen  or  twenty  years  out 
of  date.    Now  it  is  out  of  date  it  is  not  painted. 

There  must  be  a  number  of  reasons  why  that  change  has  come 
about.  With  all  due  respect  to  my  good  friend  Mr.  Hallett,  who 
earlier  in  the  evening  referred  to  the  fact  that  the  discoloration 
of  paint  was  mostly  the  discoloration  of  the  vehicle,  I  do  not  think 
anyone  who  has  had  any  chemical  experience  at  all  in  the  labora- 
tory but  has  at  one  time  or  another  run  into  lead  sulphide.  We  all 
know  that  in  buildings  inhabited  by  humans  or  animals  hydrogen 
sulphide  is  present. 

Paint  is  cheaper  than  wall  paper,  and  the  only  reason  paint  had 
not  developed  up  to  ten  years  ago  was  the  fact  that  the  lead  used 
would  not  stand  up  in  the  ordinary  house.  I  have  seen  any 
number  of  instances,  and  you  can  all  recall  similar  instances 
where  lead  paint  used  on  the  interior  has  not  maintained  its 
brightness.  Those  figures  Mr.  Bryce  gave  must  have  been  ex- 
posed in  some  very  ideal  conditions,  because  it  is  not  necessary  to 
measure  loss  of  reilection  with  a  photometer,  when  you  can  go  into 


358  TRANSACTIONS  I.   K.    S.,   APRIL,    I923 

a  room  and  see  dark  streaks,  especially  in  the  dining  room  where 
the  kitchen  gases  have  come  in. 

If  this  development  has  occurred  within  the  last  ten  years, 
and  more  particularly  within  the  last  five  years,  there  must  be 
some  reason  for  it,  and  if  you  will  go  around  and  get  an  unbiased 
opinion  from  the  paint  manufacturers  of  the  United  States,  the 
people  who  make  paint  and  not  pigment,  you  will  find  that  95 
per  cent  are  to-day  using  lithopone  as  a  base  for  their  interior 
pigment.  (I  do  not  believe  I  am  overestimating  it).  Yet  they 
can  buy  lead,  lithopone  or  zinc  all  at  nearly  the  same  price. 

Probably  the  largest  paint  manufacturer  in  the  United  States 
also  produces  lead,  zinc  and  lithopone,  and  if  you  buy  some  of  his 
flat  wall  paint  or  his  factory  enamel  or  factory  white,  you  will 
find  it  is  a  lithopone  paint.  The  reason  for  that  must  be  that 
there  is  a  real  advantage  in  lithopone  for  his  interior  flat  paints, 
and  it  is  largely  in  the  fact  that  the  lithopone  paint,  first  of  all, 
will  not  change  its  color  under  adverse  circumstances. 

Fifty  per  cent  of  white  lead  may  be  all  right,  but  if  the  other 
50  per  cent  goes  bad  due  to  hydrogen  sulphide  you  can  not  tell 
whether  the  paint  that  goes  out  will  give  satisfaction  or  not. 

Well,  let  me  give  you  the  statistics,  for  example,  and  tell  you. 
really  what  the  answer  is.  There  is  no  question  that  white  lead 
has  been  a  wonderful  pigment.  It  has  undeniably  good  charac- 
teristics, and  for  exterior  work  has  certain  properties  that  at  the 
present  moment  we  do  not  seem  to  be  able  to  do  without.  But  it 
certainly  has  not  been  developed  commercially  yet  for  interior 
purposes.  There  is  no  reason  why  you  should  not  use  lithopone, 
a  pigment  that  will  not  darken,  first ;  because  it  gives  better  re- 
sults and  secondly,  because  pound  for  pound  it  goes  further. 

Norman  Macbeth  :  Mr.  Chairman,  I  want  to  ask  Mr.  Bryce 
if  the  reflection  factors  he  gave  were  of  four  or  five  years  ago, 
or  have  they  been  corrected  to  the  later  magnesium  carborate 
standard  ? 

C.  H.  Bryce  :     They  have  been  corrected. 

Norman  Macbeth  :  There  is  one  other  question  brought  in 
by  Mr.  Hallett  about  the  reflection  factor  of  paints,  considering 
the  absorption  and  transmission.  Mr.  Bryce  stated  that  all  the 
samples  were  on  a  flat  sheet-iron  base.     It.  seems  to  me  if  that 
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base  had  been  plaster,  those  paint  films  having  a  reasonable  de- 
gree of  transmission  would  have  shown  higher  factors  than  other 
paints  which  were  more  opaque.  Plaster  surfaces,  I  believe, 
would  more  nearly  represent  the  average  condition  of  use  for  in- 
terior finishes. 

I  would  also  like  to  ask  Mr.  Little  if  it  would  not  be  possible  to 
select  a  sample  color  which  under  daylight  would  be  the  same 
color  as  a  white  surface  under  ordinary  artificial  light.  It  seems 
to  me  the  paint  people  have  specialized  on  an  ideal  white,  penal- 
izing paints  which  show  yellowing,  thereby  setting  up  a  false 
standard  about  the  same  as  color  printers  do  when  using  two 
or  more  colors  of  ink,  on  the  assumption  that  the  more  it  costs 
and  the  harder  it  is  to  do,  the  better  it  must  be.  If  a  certain 
paint  does  not  yellow  to  a  greater  extent  than  a  white  would 
appear  under  the  ordinary  yellow  artificial  light  I  do  not  see  how 
it  would  make  any  difference  with  paints  used  for  interior  wall 
and  ceiling  surfaces. 

This  also  brings  in  another  point  that  there  should  probably 
be  a  double  set  of  reflection  factors  given  for  paints — factors 
for  daylight  and  others  for  artificial  light.  Some  of  the  blues 
here  given  which  have  a  very  low  reflection  factor  under  the  ordi- 
nary artificial  light  used  in  the  photometer  might  be  consider- 
ably higher  for  daylight,  and  the  same  is  true  of  yellows  that 
would  be  higher  with  artificial  light  and  not  nearly  so  high  for 
daylight. 

R.  L.  HalIvETT  :  I  do  not  want  to  enter  into  any  discussion  of 
the  relative  merits  of  various  paint  pigments,  as  such  a  discussion 
would  be  very  much  out  of  place  in  a  meeting  of  this  kind,  but 
referring  to  this  question  of  discoloration,  I  would  just  like  to 
say  that  in  the  many  paint  jobs  I  have  seen  where  discoloration 
has  taken  place  on  all  kinds  of  paint,  sulphur  discoloration  has 
been  present  in  so  few  instances  as  to  be  practically  negligible. 
We  hardly  ever  find  hydrogen  sulphide  fumes  in  the  atmosphere, 
and  sucli  discoloration  is  of  small  importance  in  the  consideration 
of  paint  questions. 

The  discoloration  which  usually  occurs,  as  T  tried  to  point  out 
in  my  earlier  talk,  is  yellowing  of  the  paint  film  due  to  the  vehicle, 
atui  |)nint  madr  with  white  lead  and  linseed  oil  will  discolor  the 
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same  as  paint  made  with  any  other  pigment  and  linseed  oil,  but 
I  would  like  to  say  that  for  the  last  three  or  four  years  pure  white 
lead  paint  for  wall  painting  has  been  on  the  market  in  ready 
mixed  form,  made  with  specially  prepared  oils  similar  to  those 
used  for  other  wall  paints.  The  original  light  reflecting  value 
of  this  specially  prepared  pure  white  lead  paint  is  about  equal 
to  the  light  reflecting  value  of  other  wall  paints,  as  indicated  in 
my  paper,  and  the  white  lead  paint  holds  its  light  reflecting  value 
to  about  the  same  degree  as  do  the  others. 

I  was  very  much  interested  in  the  remarks  that  were  made 
about  a  white  plaster  wall  increasing  the  light  reflection  of  a 
relatively  transparent  paint.  Undoubtedly  a  white  wall  under- 
neath, or  an  old  white  paint  undercoating,  would  materially 
increase  the  reflection  of  the  new  paint,  if  the  new  paint  were 
partially  transparent  and  allowed  some  of  the  light  to  pass  through. 
We  must  realize,  however,  that  repainting  is  usually  done  over 
old  paint,  and  we  must  consider  the  color  of  the  old  wall,  which 
may  or  may  not  have  a  high  light  reflecting  color.  The  condi- 
tion of  the  old  paint  must  also  be  considered,  as  if  it  is  badly 
soiled  it  has  lost  much  of  its  light  reflecting  qualities,  and  a  wall 
is  often  repainted  because  it  has  become  soiled  and  lost  its  light 
reflecting  value. 

Ward  Harrison  :  Most  of  the  discussion  thus  far  has  cen- 
tered around  reflection  factors  higher  than  70  per  cent.  For  the 
walls  in  offices  it  is  best  to  choose  a  color  that  runs  between  40 
per  cent  and  45  per  cent,  for  if  the  walls  are  lighter  than  this, 
they  are  likely  to  be  too  bright  for  comfort.  In  our  offices  at 
Nela  Park,  we  have  set  a  deadline  at  50  per  cent  for  the  reflec- 
tion factor  of  the  walls. 

Regarding  the  depreciation  values  given,  - 1  was  surprised  to 
find  that  the  drops  in  efficiency  or  reflecting  power  were  small. 
These  can  be  compared  with  the  reflection  factor  charts  for  light 
buff,  yellows  and  white.  As  you  undoubtedly  know,  it  is  pos- 
sible to  go  quite  far  into  the  yellow  with  only  a  small  drop,  and 
I  imagine  that  some  of  the  paints  probably  looked  very  yellow  and 
would  be  condemned  by  the  owner  on  that  ground  even  though 
the  reflection  factor  had  dropped  only  4  or  5  points. 
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As  the  speaker  suggested,  the  painting  of  machinery  is  some- 
thing which  the  Society  can  endorse  most  heartily  in  many  in- 
stances, and  I  also  believe  that  we  should  lend  our  influence  to- 
ward the  standardization  of  color  and  shade.  If  the  manufac- 
turer buys  his  machine  tools  from  four  or  five  companies  and  each 
article  of  machinery  is  an  appreciably  different  shade  of  green, 
tan,  buff,  or  gray,  he  will  soon  go  back  to  ordering  black  finish. 
Is  there  any  other  serious  objection  to  a  light  color? 

S.  L.  CarmEl:  I  would  like  to  ask  Mr.  Hallett  one  or  two 
questions  about  the  washing.  He  said  that  the  lithopone  paints 
when  washed  showed  an  injuring  of  the  film.  I  would  like  to  ask 
what  kind  of  finish  they  had,  whether  flat,  or  what. 

R.  Iv.  HaIvIvETT:  The  paints  which  were  tested  were  all  flat 
paints,  but  I  do  not  wish  to  intimate  that  such  a  change  takes  place 
rapidly  with  most  lithopone  paints.  This  test  was  carried  on  for 
several  years  before  the  change  was  noticed.  I  described  the 
test  to  indicate  that  there  is  possibility  of  such  change  taking  place 
in  the  paint  when  lithopone  is  used. 

W.  S.  Wilding:  In  most  discussions  of  light-reflecting  char- 
acteristics of  paint  films  I  have  noticed  a  tendency  toward  the 
theoretical  and  academic  rather  than  the  practical  side.  The 
talk  and  the  figures  seem  to  be  based  chiefly  on  new  paint  films, 
while  those  we  have  to  deal  most  with  in  practice  are  old  ones. 
How  much  light  a  given  paint  will  reflect  when  first  applied  is 
not  as  important  as  how  much  it  will  reflect  a  year,  or  two  years, 
or  five  years  hence  under  actual  practical  conditions.  What  the 
industrial  plant  manager  is  trying  to  do  with  wall  and  ceiling 
paint  is  to  maintain  a  given  standard  of  lighting,  whether  with 
daylight  or  artificial  light ;  and  he  wants  this  paint  service  at  the 
lowest  possible  cost  per  square  foot  per  year  over  a  long  term 
of  years.  The  fact  that  a  paint  shows  good  initial  results  does 
not  attract  him  if  he  knows  that  one  year's  time  will  toll  a  dift'er- 
ent  story. 

The  few  figures  that  have  been  presented  on  repeated  tests  on 
the  same  samples  over  a  period  of  several  years  show  surpris- 
ingly little  deterioration  in  light-reflection,  yet  we  all  know  tliat 
dust  will  accumulate  on  flat  finish  paint, — and  dust  is  gray,  (^ne 
needs  no  instruments  to  tell   the  difTercnce  in  liirhtin"-  Itetwccn 
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two  halves  of  a  factory  room,  on  one  of  which  a  flat  finish  paint 
is  new  and  on  the  other  a  year  old ;  the  eye  is  sufficient. 

To  really  determine  what  service  a  paint  will  render,  long 
time  tests  should  be  made  under  actual  conditions  in  the  class 
of  occupancy  involved — rather  than  in  practically  dustless  rooms. 
Such  figtires  will  not  only  be  interesting,  but  will  also  be  a  safe 
basis  for  paint  selection. 

W.  T.  BlackwEIvL  :  Is  the  gray  for  use  on  machinery  ob- 
tained by  the  use  of  carbon  black,  or  what? 

W.  F.  Little  :  Answering  Mr.  Macbeth,  I  know  of  no  stand- 
ard of  artificial  daylight.  Sometime  ago  there  was  some  agita- 
tion in  regard  to  the  use  of  Mr.  D.  McFarlan  Moore's  CO2 
tube  as  a  standard  but  no  official  action  was  taken. 

The  color  of  the  light  used  in  determining  the  reflection  fac- 
tor is  of  great  importance  and  should  in  all  cases  be  coupled 
with  the  reflection  factor. 

While  I  have  no  data  on  reflection  of  gray  paints  of  the  same 
appearance  there  is  little  doubt  that  the  reflection  factor  under 
the  same  light  source  will  be  the  same  regardless  of  the  com- 
bination of  pigments. 

C.  H.  Bryce  :  I  believe  some  figures  have  been  gotten  at  some 
previous  time. 

A.  L.  Powell:  Mr.  Jamme,  can  you  answer  that  question 
of  Mr.  BlackwelFs? 

L.  E.  Jamme  :  The  question  as  I  understand  it,  is  whether 
gray  produced  from  carbon  black  and  white  has  the  same  re- 
flection percentage  as  gray  produced  from  white,  green  and 
red?  I  think  that  question  is  covered  in  Mr.  Powell's  Bulletin, 
issued  last  May. 

W.  T.  BlackwELL  :     I  saw  the  Bulletin. 

L.  E.  Jamme:  We  have  proven  through  experiment  that 
gray  produced  by  mixing  white  and  carbon  black  has  a  lower 
reflection  factor  than  gray  produced  by  mixing  vermillion  and 
green. 

W.  T.  BlackwELL:     What  is  the  difference? 

L.  E.  Jamme:  I  could  not  tell  you.  I  know  there  is  a  differ- 
ence. That  is  a  point  which  our  chemist  stressed  to  me  recently. 
I  give  you  the  report  by  the  Illuminating  Engineering  Bureau  of 
the  Westinghouse  Lamp  Co.,  of  a  set  of  readings  made  to  deter- 
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mine  the  coefficient  of  reflection  of  Hilo  *Xite-Gray"  made  from 
white  and  carbon  black  and  Hilo  "Lite-Gray"  made  from  white, 
red  and  green.  This  showed  the  former  to  have  a  coefficient  of 
reflection  of  29,  and  the  latter  a  slightly  higher  reflection  factor 
of  30. 

I  believe  it  has  been  definitely  established  that  where  a  parti- 
cular shade  of  gray,  produced  by  whatever  combination,  is  identi- 
cal with  a  particular  shade  of  gray  produced  with  some  different 
different  combination,  the  coefficient  of  reflection  will  be  the  same 
for  both. 

F.  G.  Breyer:  It  is  perfectly  ridiculous  to  talk  about  two 
grays  differing,  whether  they  are  obtained  by  the  mixture  of 
black  and  white,  or  whether  they  are  gotten  by  putting  in  a  half 
dozen  other  paints.  A  gray  is  a  reflection  of  your  various  wave- 
lengths. It  is  non-selective.  If  you  throw  100  per  cent  of  red 
and  100  per  cent  of  green  and  100  per  cent  of  blue  on  a  surface 
and  they  are  reflected  lOO  per  cent,  that  is  absolute  white. 

The  definition  of  gray,  a  perfect  gray,  is  a  reflection  of  any  per- 
centage less  than  that,  and  tints  off  from  total  reflection  of  100 
per  cent  of  each  one  of  those  down  to  a  total  absorption.  Com- 
plete reflection  is  white.    Non-selective  reflection  is  gray. 

The  American  Society  of  Testing  Materials  is  now  engaged  in 
determining  accurately  by  absolute  methods  the  total  percentage 
of  light  reflection  and  the  percentage  of  saturation  so  that  colors 
may  be  determined.  We  are  doing  it  right  along  in  our  labora- 
tory with  a  colorimeter. 

Bassett  Jones  (Communicated)  :  The  Section  is  to  be  con- 
gratulated on  securing  this  interesting  group  of  papers  on  a  sub- 
ject so  important  in  interior  illumination.  There  is  no  question 
that  in  most  forms  of  interiors  where  more  or  less  continuous  eye 
work  is  done,  such  as  offices  or  factories,  the  selection  of  the 
interior  finishes  is  equally  if  not  more  important  than  the  selec- 
tion of  any  particular  lighting  fixture. 

The  importance  of  the  selection  of  interior  finishes  is  of  even 
greater  importance  for  daylighting.  In  artificial  lighting,  as  the 
indirect  comj^onent  increases,  the  effect  of  the  interior  finish  in- 
creases c()rresi)on(]ingly. 

As  an  illuslralion,  the  writer's  drafting  room  ceiling  is  painted 
white  kalsomine.     Two  years  ago  this  ceiling  was  washed  and 
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rekalsomined,  precautions  being  taken  to  prevent  any  change  in 
the  conditions  of  the  lighting  fixtures  of  the  so-called  semi-indirect 
type,  by  covering  them  with  paper  bags.  The  result  was  an  in- 
crease of  30  per  cent  in  the  illumination  on  the  drawing  boards. 
In  another  case,  changing  the  ceiling  from  buff  to  white,  and  the 
walls  from  light  ecru  to  office  wall  green,  increased  the  working 
illumination  50  per  cent.  In  an  effort  to  prove  to  a  client  the 
marked  differences  resulting  from  apparently  slight  differences 
in  paint,  two  otherwise  precisely  similar  rooms  were  treated,  one 
in  the  light  tones  of  lead  and  oil  as  selected  by  the  architect  and 
one  as  directed  by  the  writer.  The  difference  in  the  working  illu- 
mination, in  terms  of  the  lower,  was  32  per  cent.  These  are 
merely  typical  cases. 

The  corresponding  range  of  flux  efficiency  in  modern  commer- 
cial fixtures  of  the  semi-indirect  type  is  from  about  75  per  cent 
to  90  per  cent — a  maximum  increase,  in  terms  of  the  lowest,  of 
about  20  per  cent,  and  less  than  the  value  of  a  fresh  coat  of  kal- 
somine  on  the  ceiling — even  less  than  the  difference  between  a  buff 
and  a  white  ceiling,  both  fresh. 

The  problem  before  the  paint  manufacturer  is,  then,  to  produce 
inexpensive  paints  of  durable  character,  showing  high  reflection 
factors  when  applied,  both  initially  and  at  the  end  of  a  consider- 
able lapse  of  time.  This  is  a  phase  of  paint-making  that  only 
recently  has  received  any  general  attention.  It  has  taken  a  long 
time  for  the  manufacturers  to  realize  the  importance  of  the  sub- 
ject. The  writer  believes,  although  he  may  be  wrong,  that  almost 
the  first  attempt  to  consistently  study  paints  from  the  standpoint 
of  illumination  was  begun  by  Benjamin  Moore  and  Son  in  1911. 
At  any  rate,  samples  were  then  set  up  for  aging  tests,  on  which 
the  last  readings  were  taken  during  the  latter  part  of  192 1. 

In  the  early  part  of  these  tests,  great  difficulty  was  encountered, 
in  establishing  a  method  of  preparing  samples  that  would  give 
consistent  results.  The  conclusion  was  reached  that  unless  great 
care  was  exercised,  and  a  ground  of  red  lead  on  clean  sheet-iron 
was  employed,  the  results  obtained  from  different  samples  were 
not  comparative.  For  this  reason  much  of  the  published  data 
giving  reflection  factors  of  paints  is  valueless. 
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The  writer  has  corresponded  with  the  technical  staff  of  several 
paint  manufacturers  and  has  found  an  entire  lack  in  correspond- 
ence as  to  the  method  in  making  such  tests.  Even  where  an  out- 
side laboratory  has  been  employed  by  more  than  one  such  manu- 
facturer, the  results  obtained  from  different  samples  are  rarely 
comparative  due  to  radical  differences  in  the  preparation  of  such 
samples. 

The  manufacturer  generally  needs  education  in  the  reason  for 
and  the  object  of  the  test,  and  should  be  given  a  reasonable  under- 
standing of  what  the  results  mean  and  how  they  should  be  used, 
to  the  end  that  he  will  not  unwittingly  claim  the  impossible,  and 
mislead  his  customers. 

So  far  as  the  writer  knows,  no  paint  manufacturer  has  suc- 
ceeded in  setting  up  any  constant  and  reproducible  color  standards 
— even  for  black  and  white.  All  color  matching  in  paints  is  a 
guess — more  or  less  accurate — depending  on  a  number  of  uncon- 
trolled variables.  The  determination  of  accurate  reproducible 
color  standards,  while  possible,  is  by  no  means  simple,  and  neces- 
sarily must  be  based  on  purely  physical  measurements,  using  some 
such  device  as  that  described  by  H,  E.  Ives  in  the  Journal  of  the 
Optical  Society  for  November,  192 1.  Such  determinations  are 
necessarily  of  a  precise  nature  and  must  be  carried  out  by  skilled 
operators  such  as  individual  paint  manufacturers  are  hardly  pre- 
pared to  employ.  Such  color  standards  must  be  maintained  in 
a  physical  laboratory — not  in  a  paint  shop. 


ILI.UMINATING  FLARES* 


BY  G.   J.   SCHIvADT** 


SYNOPSIS:  The  intensive  character  of  the  late  war  brought  a  well-deserved 
appreciation  of  the  value  of  illuminating  and  signal  flares.  The  perfection  of  the 
high  candlepower  flares  suspended  by  parachutes  meant  that  military  operations  no 
longer  ceased  with  the  fall  of  darkness.  Service  requirements  for  durability  and 
dependability  have  been  met  by  careful  study  and  design. 

The  illuminating  and  visibility  values  of  flares  and  signals  are  rated  photometri- 
cally! to  insure  their  conformity  to  specifications.  These  flares  and  signals  are  con- 
sidered as  flares  having  a  spherical  candlepower  distribution,  thus  giving  maximum 
efficiency  for  visibility  in  all  directions.  Their  light  efficiency  is  high  due  both  to  tem- 
perature radiation  and  luminescence  of  metallic  oxides   formed  during  combustion. 


INTRODUCTION 

Illuminating  Flares  are  now  one  of  the  subdivisions  of  mili- 
tary pyrotechnics.  As  history  records  pyrotechnics  have  long 
been  used  for  military  purposes  and  it  may  seem  strange  that  in 
the  days  of  wireless  telegraphy,  wireless  telephone  and  high 
power  search  lights  that  we  should  have  resource  to  such  an 
ancient  art  as  Fireworks. 

Nevertheless,  as  a  result  of  the  late  war,  pyrotechnics  signals 
and  illuminating  devices  are  now  a  regular  part  of  the  Ordnance 
equipment  and  are  recognized  by  authorities  of  all  countries  as 
being  the  main  dependance  of  military  units  when  all  other 
sources  of  communication  and  illumination  fail. 

On  our  entry  into  the  war,  we  had  as  a  guide  the  various 
devices  that  had  proved  their  effectiveness  on  the  war  front.  In 
order  to  meet  the  demands  of  the  army  for  new  and  improved 
types  there  was  established  in  19 17  a  Pyrotechnic  Development 
Branch,  under  the  supervision  of  the  Trench  Warfare  Section, 
Engineering  Division  of  the  Ordnance  Department.  In  co-opera- 
tion with  the  manufacturer  this  Branch  successfully  met  the 
demands  placed  upon  it  and  considerable  credit  is  due  to  the  men 
in  charge  of  this  work. 

Because  of  its  limited  application  in  peace  times,  there  was  a 
very  apparent  lack  of  development  in  the  art  of   Pyrotechny. 

*A    paper    presented    before    the    New    York    Section    of    the    Illuminating    Engi- 
neering Society,  March  23,    1922. 

**Ordnance  Department,   U.   S.   Army,  Picatinny  Arsenal,   Dover,   N.  J. 

The   Illuminating   Engineering   Society   is    not   responsible    for    the   statements   or 
opinions  advanced  by  contributors. 
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However,  during  the  war,  considerable  work  was  done  in  this 
country  and  abroad  and  work  is  still  being  carried  on  in  order 
to  place  this  art  on  a  truly  technical  basis. 

In  this  paper,  a  brief  description  will  be  given  of  several  of 
the  types  of  illuminating  devices  used  in  the  service.  It  being 
understood  that  War  Department  data  is  of  a  confidential  nature, 
the  descriptions  that  follow  are  only  general. 

ILLUMINATING  DEVICES 

(a)  Ground  Service:  Rifle  Illuminating  Shells — These  shells 
are  fired  from  a  tube  attached  to  the  end  of  the  service  rifle. 
Types  lately  developed  by  our  Ordnance  Department  are  far 
superior  to  the  types  used  during  the  war  in  regard  to  candle- 
power  developed  and  more  important  in  regard  to  being  durable 
and  dependable  under  the  severe  service  conditions.  Rifle  illumi- 
nating shells  proved  their  effectiveness  in  trench  warfare  in 
keeping  the  foreground  illuminated  at  will.  In  this  country  alone, 
1,000,000  rifle  signals  were  made. 

The  field  gun  illuminating  shell  here  described  is  a  foreign 
type.  See  Figure  i.  In  principle,  it  operates  the  same  as  the 
rifle  shell  but  differs  in  the  construction  details  necessitated  by 
the  heavier  shock  of  discharge,  the  rotative  force  of  the  shell 
and  the  requirement  that  it  is  able  to  function  properly  at  various 
points  as  its  trajectory. 

An  examination  of  the  wire  reinforced  parachute  gives  an  idea 
of  the  terrific  strain  placed  on  the  parachute  when  it  is  called 
upon  to  put  the  brakes  in  a  5-pound  illuminant  traveling  in  some 
cases,  10  miles  per  minute. 

(b)  Air  Service:  The  air  service  from  the  beginning  of  the 
war,  extended  their  operations  to  all  hours  of  the  night  and  this 
required  a  complete  line  of  signals  similar  to  those  used  by  the 
ground  troops.  In  addition,  they  had  the  two  special  illuminating 
devices,  the  Wing  Tip  Flare  and  the  Aeroplane  Flare. 

The  wing  tip  flares  are  small  flares  held  in  special  holder  under 
the  wings  of  the  plane.  These  flares  are  ignited  electrically  from 
the  cock-pit.  Those  used  during  the  war  burned  for  one  minute 
with  a  candlepower  of  10,000.  It  is  necessary  that  these  flares 
be  dei)en(lable  in  action  because  they  give  the  airmen  a  chance 
to  select  their  landing  place  in  case  of  necessity. 
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Fig.     I. — Comparative    size    of    field  Fig.    2. — Airplane   flares, 

gun   and   rifle   illuminating  shells. 


Aeroplane  Flares  were  used  in  bombing  raids  for  the  illumi- 
nation of  targets  and  the  uncovering  of  secret  movements  of 
troops.  Aeroplance  Flares  are  of  different  sizes  and  are  usually- 
slung  on  the  underside  of  planes  and  are  released  in  the  same 
manner  as  drop  bombs.  They  ranged  in  candlepower  from  50,000 
to  500,000. 

In  the  early  part  of  the  war,  these  flares  had  a  constant  time 
mechanism,  that  is,  they  always  functioned  a  certain  distance 
below  the  plane.  With  the  appearance  of  mobile  search  lights 
and  large  caliber  anticraft  guns,  we  find  the  airmen  seeking  the 
higher  altitudes.  This  led  to  a  demand  for  a  time  fuse,  permitting 
functioning  of  the  flare  at  any  distance  below  the  plane.  This 
added  a  complication  to  a  comparatively  simple  proposition 
because  here  we  require  a  parachute  to  effectively  decrease  the 
rate  of  fall  after  it  has  attained  in  the  maximum  case  a  terrific 
momentum.  Problems  such  as  this  are  usually  solved  by  com- 
promising between  the  weight  of  the  illuminant  and  the  size  of 
the  parachute. 
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Fig.    3. — Calibrating    device    for    Sharp-Millar    photometer. 

Aeroplane  Flares  properly  designed  have  before  functioning 
the  same  trajectory  as  drop  bombs,  that  is,  they  are  always  to 
be  found  below  the  plane.  With  a  number  of  high  candlepower 
flares  in  the  air  at  the  same  time,  we  have  flood  lighting  on  a 
large  scale,  with  increasing  illuminations  on  the  ground  due  to 
the  descending  flares. 

PHOTOMETRIC  DETERIMI NATIONS 

The  demand  for  mixluros  developing  tlic  highest  efficiencies, 
both  for  our  signals  and  ilhiminating  flares,  required  a  vast 
amount  of  work  in  a  field  conspicuous  for  its  lack  of  data. 
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The  efficiencies  of  mixtures  are  determined  from  photometric 
measurements.  The  mixtures,  charged  in  cases,  are  burned  in  a 
special  brick  hood  at  the  end  of  a  photometric  gallery  50  feet  in 
length.  At  this  distance  measurements  are  made  with  standard 
size  Sharp-Millar  photometers,  and  without  additional  accessories, 
we  can  measure  candlepowers  ranging  from  100  to  1,000,000. 

Check  readings  are  taken  at  intervals  against  standard  mix- 
tures and  against  a  calibrating  device  here  shown.  This  device 
fits  over  the  sight  tube  of  a  standard  size  Sharp-Millar  photometer 
and  uses  the  same  type  of  comparison  lamp.  At  close  to  normal 
amperage,  this  device  gives  a  reading  at  color  match  in  the  center 
of  the  scale.    See  Figure  3. 

In  determining  the  efficiency  of  a  mixture,  the  weight  of  com- 
position, the  rate  of  burning  and  the  candlepowers  are  noted. 
This  gives  us  an  efficiency  rating  expressed  in  candlepower  seconds 
per  ounce.  This  rating  then  gives  us  a  basis  for  the  comparison 
of  mixtures  and  a  basis  for  estimating  the  characteristics  of  the 
mixture  in  different  size  containers. 

In  the  case  of  illuminating  shells  and  aeroplance  flares  the 
illuminant  is  subjected  to  sudden  shock.  This  requires  the  com- 
pression of  the  mixtures  above  a  certain  density,  depending  on 
their  use,  and  this  necessitates  the  determination  of  the  efficiency 
characteristics  over  a  wide  range  of  pressures. 

CONC1.USION 

Illuminating  flare  mixtures  are  in  general,  a  mechanical  mix- 
ture of  a  compound  that  readily  gives  up  to  its  oxygen  and  a 
material  that  readily  combines  with  oxygen  with  the  formation 
of  a  considerable  amount  of  heat.  Examples  of  oxygen  carriers, 
as  they  are  called,  are  barium  nitrate  and  barium  chlorate. 
Examples  of  metals  capable  of  being  easily  oxidized,  when  finally 
divided  are  magnesium  and  aluminum. 

Burning  flares  are  considered  as  flames;  light  producing  be- 
cause of  the  reflection  of  solid  particles  raised  to  incandescence 
by  the  heat  of  reaction. 

In  examining  the  products  of  combustion  of  illuminating  flares, 
we  find  the  refractory  oxides  of  barium,  magnesium  and  aluminum. 
We  have  then  two  reasons  for  the  high  efficiency  of  these  flares. 
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The  first  is  the  incandescence  of  oxides  having  high  heats  of  for- 
mation and  high  meking  points.  The  second  reason  has  been 
given  by  Dr.  E.  L.  Nichols  as  being  due  to  the  hmiinescence  of 
the  oxides  of  magnesium  and  akmiinum.  Perhaps  we  have  here 
as  Dr.  Nichols  says,  a  remunerative  field  for  investigation.  Dr. 
Nichols  attributes  the  great  atinic  power  resulting  from  the  burn- 
ing of  magnesium  to  the  extraordinary  outburst  of  blue  and  violet 
radiation  from  the  newly  formed  magnesium  oxide.  This  should 
be  true  also  of  aluminum  oxide,  perhaps  in  a  less  degree.  He 
gives  the  color  temperature  as  5,000°,  but  estimates  the  actual 
temperature  as  being  only  2,000°  C. 

DISCUSSION 

W.  F.  Little:  Mr.  Schladt's  paper  has  given  us  much  in- 
teresting data  and  is  a  valuable  contribution  to  the  Transactions. 

During  the  period  of  the  war  many  flares  were  measured  at 
our  Laboratories,  the  first  of  which  produced  in  the  neighbor- 
hood of  5,000  candlepower.  As  the  method  of  manufacturing 
them  advanced,  so  also  did  the  candlepower,  until  flares  having 
the  same  dimensions  and  duration  of  burning  reached  an  average 
of  250,000  candlepower  with  exceptional  ones  reaching  400,000  to 
500,000  candlepower. 

Some  flares  were  made  reaching  1,000,000  candlepower  but 
they  were  of  larger  dimensions.  The  average  flare  was  iM  by 
ly,  inches,  having  a  burning  life  of  fifteen  to  thirty  seconds.  Some 
flares  were  submitted  as  large  as  4^  inches  in  diameter  and  30 
inches  in  length,  having  a  burning  life  of  approximately  eight  min- 
utes with  candlepower  averaging  300,000. 

The  method  used  in  measuring  the  flares  required  the  services 
of  five  persons,  one  to  ignite  the  flare  and  record  the  time,  two 
photometer  operators,  one  for  each  of  two  photometers,  and  two 
recorders.  In  this  way  two  series  of  readings  could  be  taken  on 
each  flare  with  successive  readings  on  each  photometer  at  the  rate 
of  two  readings  in  three  seconds. 

The  flares  were  burned  in  a  large  stack  which  carried  off  the 
smoke.  The  candlepower  measurements  were  made  horizontally 
with  the  flares  pointed  toward  the  photometers,  riiotometors 
were  placed  at  a  distance  of  50  feet  from  the  flares. 
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A.  B.  Ray:  My  work  during  the  war  in  the  field  of  pyro- 
technics was  the  development  of  colored  smoke  signals.  Because 
of  the  success  of  flares  for  night  signalling  both  the  Army  and 
Navy  felt  that  pyrotechnic  day  signals  would  be  of  value.  But 
tests  showed  that  signal  flares  were  not  suitable  for  day  use  so 
we  attempted  to  develop  smoke  signals  which  would  have  long 
range  visibility  and  which  could  be  used  in  the  regular  pyro- 
technic devices  such  as  rockets,  rifle  grenades,  etc.  Other  special 
devices  for  carrying  these  signals  were  developed  for  aircraft 
use. 

Colored  smoke  signals  are  a  very  recent  development  in  the 
pyrotechnic  field.  They  are  produced  by  the  rather  unique 
method  of  volatilizing  organic  dyes.  When,  after  all  the  other 
methods  producing  satisfactory  smokes  had  failed,  we  suggested 
the  use  of  dyes  the  suggestion  was  not  received  with  enthusiasm. 
In  fact  the  idea  of  burning  up  dyes  to  make  smokes  at  a  time 
when  the  United  States  could  not  get  its  stockings  dyed  was  con- 
sidered quite  foolish.  Nevertheless  we  went  ahead  with  the  work 
and  found  that  a  number  of  relatively  cheap  dyestufifs  which  could 
be  procured  in  large  quantities  made  very  satisfactory  smokes. 

The  dyes  are  mixed  in  suitable  portion  with  a  combustible  and 
oxidizing  agent  and  the  mixture  packed  into  a  cardboard  or 
metal  container.  The  containers  are  perforated  with  a  number  of 
holes  of  a  definite  size  -and  a  special  ignition  system  employed 
to  ignite  the  smoke  mixture  at  all  these  openings.  This  in  itself 
was  a  very  difficult  thing  to  work  out.  The  successful  arrange- 
ment allows  a  large  volume  of  deeply  colored  smoke  to  be  evolved 
when  the  mixture  is  ignited.  The  heat  of  the  reaction  between 
combustible  and  oxidizing  agent  has  to  be  carefully  controlled 
otherwise  the  dyestufif  will  be  burned  up  and  a  wisp  of  white 
smoke  will  be  the  result. 

Several  hundred  dyes  and  colored  compounds  were  tested  dur- 
ing the  investigation  and  a  few  were  found  which  were  satis- 
factory from  price,  quality  and  smoke  producing  standpoints. 
Excellent  red,  yellow,  blue  and  green  smokes  were  developed 
which  are  particularly  suitable  for  signals  because  of  their  dis- 
tinctness and  long  range  visibility.  A  black  smoke  and  smokes 
of  intermediate  shades  were  also  developed. 
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The  uses  of  these  signal  smokes  are  many.  They  are  used  by 
aircraft  with  very  great  success.  The  special  smoke  signal  gren- 
ade which  is  operated  exactly  as  an  ordinary  hand  grenade  is 
merely  thrown  overboard.  For  use  in  rockets,  rifle  grenades  and 
Very  pistol  cartridges  the  smoke  pot  may  or  may  not  be  attached 
to  a  parachute. 

An  interesting  peace  time  use  of  these  smoke  signals  has  been 
made  in  informing  the  distant  crowds  at  crew  races  regarding 
the  order  of  the  crews  at  points  along  the  course.  Signals  fired 
at  the  mile  mark  in  the  order  of  red  for  Cornell,  blue  for  Yale, 
etc.,  are  self  explanatory. 

Non-Member:     Were  the  smokes  very  irritating? 

A.  B.  Ray:  No  more  so  than  ordinary  smoke.  A  yellow 
smoke  produced  by  volatilizing  arsenic  sulphide  is  toxic  to  a 
certain  extent  but  none  of  the  dye  smokes  are  toxic  or  excessively 
irritating. 

Davis  Tuck  :  I  would  like  to  ask  Mr.  Schladt  how  they  make 
powdered  aluminum?  I  tried  to  set  off  some  powdered  alumi- 
num and  I  could  not  get  it  to  burn  at  all. 

G.  J.  Schladt:  The  aluminum  used  for  flares  is  in  two 
forms.  The  first  known  as  the  straight  powdered  aluminum  is 
made  by  spraying  molten  aluminum  into  a  chilled  atmosphere. 
The  second  known  as  flake  aluminum  is  powdered  aluminum 
put  through  rolling  mills  and  combined  with  oil,  so  the  flake 
aluminum  has  a  large  burning  surface,  and  naturally  oxidizes 
more  quickly.  Now  as  to  the  burning  in  the  open  air :  Powdered 
magnesium  will  burn  in  the  open  air  without  any  extra  oxidiz- 
ing agent,  but  the  less  active  aluminum,  in  most  cases,  requires 
an  oxidizing  agent  to  start  it — such  oxidizing  agents  as  potassium 
nitrate  or  barium  nitrate.  Barium  nitrate  is  a  very  efficient  oxi- 
dizing agent. 

Mr.  Ray  speaks  of  smokes.  We  have  continued  working  on 
smokes  and  at  the  present  time  there  is  quite  a  discussion  as 
to  the  merits  of  inorganic  and  organic  or  dye  smokes.  1  will  not 
attempt  to  pronounce  the  technical  names  of  the  ditTerent  dyes 
used  for  colored  smokes,  hnt  I  might  say  that  we  still  fHul  use 
for  one  inorganic  coniponnd.  namely  arsenic  disnlphide,  lor  yel- 
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low  smoke.  We  find  we  get  fairly  good  and  distinctive  smokes ; 
they  are  used  for  day  signals,  and  as  in  the  case  of  airplane 
flares,  they  are  visible  quite  a  distance.  We  use  a  black  smoke 
whose  basis  is  anthracene  which  is  very  effective  as  a  black 
smudge  against  the  skyline. 

Mr.  Stickney  has  just  mentioned  that  he  would  like  to  hear 
some  more  about  airplane  flares.  When  the  planes  are  flying  at 
high  altitudes,  the  plane  preceding  the  bombers,  drops  a  line  of 
these  flares — there  are  five  or  six  in  the  air  at  the  same  time. 
You  have  in  that  case,  flood-lighting  at  decreasing  distances  and 
intensity  on  the  ground  growing  higher  all  the  time.  That  is 
ver}^  effective  for  uncovering  the  secret  movement  of  troops,  or 
illuminating  targets,  ammunition  dumps  or  cities. 

R.  W.  Moot  :  Is  the  phenomena  of  luminescence  appreciable 
in  your  flares? 

G.  J.  ScHi^ADT:  In  the  last  part  of  my  paper,  I  spoke  of  a 
paper  by  Dr.  Nichols.  That  appears  in  the  Transactions  of 
the  Illuminating  Engineering  Society,  Volume  16,  Number  7,  p. 
331.  The  title  of  his  paper  is  ''Luminescence  as  a  Factor  in  Arti- 
ficial Lighting."  He  attributes  luminescence  to  be  chiefly  respon- 
sible for  the  extraordinary  light  performance  of  certain  metals. 

L.  C.  Porter:  There  is  one  question  I  would  like  to  ask 
Mr.  Schladt.  Has  he  made  any  tests  on  the  distances  at  which 
these  flares  are  visible?  I  have  done  some  work  for  the  Navy 
Department  on  long  range  signals  and  we  found  we  could  get 
remarkable  increases  in  distances  by  changing  the  color  some- 
what, which  would  increase  the  quality  of  the  light.  With  a 
considerably  lower  candlepower,  we  could  get  greater  distances 
at  which  the  lights  were  visible,  by  using  colors  that  would  give 
more  contrast  to  the  background.  I  wonder,  if  in  your  flare 
work,  you  have  any  tests  on  the  maximum  ranges  at  which  these 
flares  would  be  visible  at  the  different  candlepowers  and  the  dif- 
ferent colors. 

G.  J.  ScHivADT :  Tests  are  under  way  at  the  present  time. 
I  presume  you  are  speaking  of  colored  signals. 

L.  C.  Porter:    Yes. 

G.  J.  ScHiyADT:  With  the  colored  signals,  we  try  to  get  the 
maximum  range  and  keep  the  purity  of  the  colors.  The  colors 
we  are  using  in  signal  work  are  red,  green  and  white. 
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L.  C.  Porter:  What  was  the  maximum  distance  you  were 
able  to  see  some  of  those  flares  at  night? 

G.  J.  Schladt:  I  suppose  with  high  candlepower  flares  the 
maximum  would  be  the  geographical  limit — the  limit  of  the  hori- 
zon, which  would  be  from  fifteen  to  eighteen  miles.  That  would 
depend,  of  course,  upon  the  height  of  the  plane.  For  example, 
a  high  candlepower  airplane  flare  at  an  elevation  of  2,000  feet 
under  favorable  air  conditions  should  be  visible  approximately 
thirty  miles. 

Have  you  made  any  long  distance  tests  with  your  particular 
candlepower  flares? 

L.  C.  Porter:  We  have  signalled  fifty-nine  miles  with  ap- 
proximately 300,000  candlepower. 

G.  J.  ScHLADT:  Speaking  of  the  visibility  of  signals,  I  have 
a  test  in  mind  that  was  made  in  an  informal  way  for  daylight 
visibility.  We  have  seen  a  300,000  candlepower  flare  a  distance 
of  twelve  miles  and  40,000  candlepower  at  a  distance  of  four 
miles  ;  that  is  on  a  fairly  clear  day  and  we  found  that  the  following 
relation  approximately  applied,  visibility  (in  miles)  =  0.02  V  cp. 
I  see  no  reason  why  you  should  not  see  a  300,000  candlepower 
flare  at  night  at  the  distance  you  speak  of — fifty-nine  miles,  pro- 
vided the  flare  has  a  high  elevation. 

Non-Member:     How  high  will  the  flares  function? 

G.  J.  Schladt:  That  depends  upon  the  time  mechanism.  If 
an  aviator  is  flying  at  9,000  feet,  he  could  get  any  distance  below 
the  plane  he  desired. 

Referring  to  wing-tip  flares  we  made  two  types,  one  with  a  red 
tinge  and  one  a  straight  white,  with  the  idea  that  the  red-tinged 
flare  would  have  the  qualities  for  penetrating  mists  and  so  better 
assist  locating  of  objects  but  the  question  there  was  whether  a 
white  flare  of  lower  candlepower  would  not  have  been  just  as 
effective,  because  in  mist,  you  have  the  back  reflection  or  a  glar- 
ing fog  bank  just  the  same  as  you  have  in  automobile  headlights. 
The  white  flare  was  api)roxiniately  15,000  candlepower  and  the 
red  tinge  flare  about  9.ck)0  candlepower. 

G.  II.  vSticknkv:     What  is  the  use  of  the  wing  tip  llare? 
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G.  J.  Schladt:  They  are  used  in  case  of  a  forced  landing 
at  night.  They  are  carried  in  holders  under  the  lower  planes. 
They  are  ignited  by  a  powder  squib  ignited  electrically  by  a  push 
button.  During  the  war  they  had  a  candlepower  of  10,000  and  a 
burning  time  of  one  minute. 

The  talk  to-night  was  to  have  been  on  Illuminating  Flares, 
but  considerable  work  has  also  been  done  on  the  colored  flares 
and  colored  signals. 

I  have  some  pictures  here  and  if  a  lantern  were  available,  we 
would  have  these  pictures  thrown  on  the  screen,  but  these  pic- 
tures which  I  will  pass  around  will  give  you  some  idea  of  con- 
struction and  the  spectral  distribution  of  these  signals  and  flares. 
The  white  flare  has  a  continuous  distribution  over  the  whole 
range  of  the  spectrum. 

These  spectrograms  were  made  with  the  idea  of  seeing  if  they 
could  be  used  in  drawing  up  specifications  for  the  purity  of  the 
colors ;  the  spectral  distribution  of  the  white  flares  may  give  some 
information  to  those  who  are  interested  in  that  line  of  work. 

A.  Bergman  (Communicated)  :  The  star  in  an  Illuminating 
Shell  is  of  course  the  most  important  part.  It  is  to  get  the  bene- 
fit of  the  illumination  thereof  that  the  shell  is  fired  and  every 
possible  means  should  be  employed  to  make  available  the  utmost 
number  of  cubic  inches  for  the  illuminating  composition. 

In  determining  the  advantage  of  one  type  of  shell  over  another 
it  is,  however,  neither  necessary  nor  correct  to  refer  to  candle- 
power  tests  of  the  stars,  as  this  is  an  entirely  different  problem. 

A  number  of  suitable  compositions  might  be  developed  or  be  in 
use  and  comparative  candlepower  tests  of  these  should  be  made. 
Based  on  the  data  thus  obtained  the  preferable  composition  should 
be  adopted  and  used  in  the  shell  that  has  been  found  to  possess 
the  greatest  mechanical  efliciency. 

In  judging  the  value  of  the  star,  it  is  necessary  to  measure 
not  only  its  candlepower  but  also  to  compute  the  candlepower 
seconds  per  cubic  inch  of  composition  it  generates.  This  sub- 
ject is  fully  treated  in  a  paper  entitled  "Rockets  and  Illuminating 
Shells  as  Used  in  Trench  Warfare."  presented  by  me  to  the  Illumi- 
nating Engineering  Society  of  New  York  City,  April  11,  1918. 
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It  is  an  easy  matter  to  make  a  star  burn  for  a  comparatively 
extended  period  of  time,  but  this  can  only  be  done  at  the  expense 
of  the  intensity  of  the  Hght. 

As  there  is  Httle  use  in  firing  illuminating  shell  if  they  do  not 
give  satisfactory  illumination  and  as,  at  least  in  the  three-inch 
shell,  there  is  not  very  much  available  space  even  in  the  best  pos- 
sible design,  it  is  advisable  to  keep  the  time  of  burning  down  to 
a  practical  minimum  so  as  to  get  the  greatest  possible  candlepower 
from  the  star. 

Based  on  this  theory,  I  have  always  advocated  fixing  the  burn- 
ing time  of  the  stars  in  three-inch  shell  at  about  15  to  20  seconds, 
instead  of  making  them  burn  for  30  to  40  seconds,  (which,  how- 
ever, would  meet  with  no  difficulties  if  it  would  be  preferred  to 
have  stars  with  longer  burning  time  and  less  candlepower). 

Furthermore,  the  longer  a  star  is  intended  to  burn,  the  bigger 
ought  the  parachute  to  be  (so  as  to  keep  it  suspended  long 
enough)  and  a  bigger  parachute  requires  more  space,  which  can 
only  be  obtained  by  decreasing  the  cubic  contents  of  the  star 
composition. 

Still  furthermore,  the  larger  a  parachute  is  the  more  resistance 
it  will  present  to  the  air  when  it  opens,  and  the  more  strain  it 
will  be  exposed  to; — the  greater  the  strain  is,  the  stronger  must 
the  parachute  be  and  the  stronger  it  is  the  more  space  it  requires, 
which  space  must  again  be  taken  from  the  star. 

The  efficiency  of  the  parachute  can  be  judged  by  comparing  its 
area  with  the  weight  it  has  to  carry.  It  is  obvious  that  the  larger 
it  is,  the  better  it  will  keep  the  star  suspended,  but  making  the 
parachute  too  large  should  also  be  avoided  as  any  increase  beyond 
the  necessary  size  requires  space  that  could  be  used  to  better 
advantage  by  increasing  the  capacity  of  the  star. 

When  designing  the  parachute  it  should  be  borne  in  mind  that 
the  faster  the  shell  travels  when  it  is  made  to  burst,  the  greater 
is  the  strain  put  upon  the  parachute  when  this  opens. 

It  is  obvious  that  if  a  parachute  can  he  made  to  function  at  all, 
a  parachute  arrangement  can  he  made  to  function  under  any  cir- 
cumstances, hilt  a  j)arachute  or  set  of  i)arachutes  constructed  to 
open  when  the  star  is  tra\t'liiig  at  an  excessive  si)ee(l  must  he  made 
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a  great  deal  more  elaborate  than  when  the  parachute  is  expected 
to  open  when  the  star  travels  at  a  comparatively  low  rate  of  speed. 
Such  elaborations  require  a  certain  amount  of  the  valuable  space 
that  is  available,  and  it  is  therefore  contrary  to  good  judgment 
to  develop  a  shell  with  a  parachute  so  designed  and  constructed 
that  it  can  withstand  the  strain  of  being  made  to  open  at  an  earlier 
point  on  a  shell's  trajectory  than  is  absolutely  necessary. 

It  would  of  course  be  preferable  to  have  a  parachute  that  would 
function  just  as  well  at  an  extremely  close  range  as  at  a  long 
range,  but  this  would  call  for  a  design  that  would  require  a  com- 
paratively very  large  percentage  of  all  the  available  space  inside 
a  shell  for  the  parachute  arrangement,  thus  making  the  star  (the 
most  important  part)  correspondingly  smaller. 

Assuming  we  have  a  shell,  the  interior  available  space  of  which 
is  so  divided  that  enough  space  is  left  for  the  parachute  to  make 
it  just  large  and  strong  enough  to  function  satisfactorily  at  a 
range  of  say  two  miles,  with  all  the  balance  of  the  space  occupied 
by  the  star. 

If  we  now  make  this  shell  burst  at  say  one-half  of  a  mile,  the 
parachute  will  not  stand  up  against  the  extra  strain  resulting  from 
the  increased  speed  by  which  the  star  is  traveling  when  the  para- 
chute opens.  (If  it  did  stand  up,  it  would  indicate  that  the  design 
was  imnecessarily  strong  or  elaborate  for  a  minimum  range  of 
two  miles).  Hence,  it  would  be  necessary  to  modify  the  para- 
chute design  if  it  was  found  advisable  to  make  one-half  a  mile 
the  minimum  range.     This  could  be  accomplished  in  two  ways : 

1st  method.  The  parachute  could  be  made  smaller,  which  would 
result  in  the  star  dropping  too  fast,  if  the  parachutes  were  origi- 
nally just  big  enough  to  give  satisfaction. 

2nd  method.  The  retarding  devices  or  shock  absorbers  could 
be  enlarged  upon  and  the  parachute  made  stronger,  or  more 
retarding  parachute  could  be  used.  This  would  require  more 
space, — that  of  necessity  would  have  to  be  taken  from  the  star. 

Hence,  it  should  in  advance  be  determined  what  the  minumum 
range  should  be  at  which  the  shell  is  intended  to  function;  the 
velocity  of  the  star  when  ejected  at  this  range  is  known;  the 
resulting  strain  on  the  parachute  can  be  calculated  or  found  by 
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tests.  Thereafter  a  suitable  parachute  design  can  be  made,  with 
a  parachute  that  should  be  just  big  enough  to  prevent  the  star 
from  dropping  too  fast  and  only  strong  enough  (with  proper 
margin  of  safety)  to  stand  the  expected  strain.  An  Illuminating 
Shell,  the  parachute  of  which  is  designed  following  the  above 
rule,  should  not  be  expected  to  function  at  a  closer  range  than 
it  is  designed  for. 

The  longer  the  minimum  range  is  made,  the  more  efficient  can 
the  design  be  made. 

To  determine  which,  of  several  types  or  designs,  is  the  most 
efficient  Illuminating  Shell,  the  points  to  be  considered  should 
be  divided  into  two  main  groups: 

''A" — The  design  and  general  functioning  of  the  shell. 
''B" — The  Illuminating  composition. 

"A"     In  judging  the  design  and  mechanical  functioning  of 
the  shell  the  following  points  should  be  noted. 
1st: — What  muzzle  velocity  will  the  shell  stand  up  against. 
2nd : — How  great  percentage  of  failures  if  any  are  due  to  the 
mechanical  parts  not  working  properly,  such  as : 
a. — Breaking  up  of  the  shell  itself,  due  to  weak  body, 
b. — Prematures:  due  to  faulty  design,  or  to  such  a  design 
that  so  excessive  care  in  loading  is  required  that  the 
human  element  plays  too  important  a  part, 
c. — Prematures :  due  to  weak  interior  parts  .collapsing  from 
the  set-back,  causing  pulverization  of  composition,  fric- 
tion heat  and  explosion. 
31-d: — General  functioning  of  the  parachute, 
a. — How  great  percentage  of  total  and 
b. — partial  failure  of  the  parachute. 

c. — Is  the  rate  of  drop  of  the  parachute  excessively  slow  or 
rapid.  If  slower  than  necessary  it  indicates  that  unneces- 
sarily large  parachutes  are  used,  resulting  in  decreasing 
the  size  of  the  star,  and  if  too  rapid  it  indicates  the 
reverse. 
d. — Efficiency  of  type  of  parachute : 

Test:    How  many  square  inches  of  surface  of  parachute 
per  cubic  inch  of  space  occupied. 
e. At  wliat  velocity  of  the  shell  will  the  parachute  function. 
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4th : — Efficiency  of  principle  employed  in  igniting  star. 
Failure  of  ignition  of  star  can  be  due  to : 
a. — Unreliable  type  of  design, 
b. — Unsuitable  composition, 
c. — Unsuitable  method  of  loading. 

It  might  sometimes  be  difficult  to  determine  the  causes  of  an 
ignition  failure,  but  an  experienced  observer  can  generally 
tell.  If  due  to  the  design  or  construction,  nothing  is  seen 
after  the  burst  of  the  shell.  If  due  to  the  composition,  the 
observer  can  generally  see  sparks  or  a  short  faint  light,  indi- 
cating that  the  first  ignition  charge  did  ignite  but  failed  to 
ignite  the  illuminating  composition  itself. 

5th : — What  space  is  available  for : 

a. — The  composition. 

b. — The  parachute. 
6th: — The  simplicity  of  construction  should  be  judged. 

7th: — How  does  the  construction  lend  itself  for  mass  produc- 
tion. 

8th : — Cost  of  shell  complet.e 

"B" — In  judging  the  value  of  the  illuminating  composition, 
the  following  points  are  to  be  noted : 

1st: — Will  the  composition  stand  up  against  the  shock  of  the 
setback,  without  exploding. 

2nd : — Does  it  contain  any  ingredients  that  are  liable  to  dete- 
riorate or  cause  dangerous  chemical  reaction. 

3rd : — What  candlepower  seconds  per  cubic  inch  of  composition 
does  it  generate  ? 

4th : — Are  any  of  the  ingredients  difficult  to  obtain  in  quantity  ? 

5th  : — How  will  the  composition  sustain  indefinite  storage  ? 

6th: — Is  the  finished  star  excessively  difficult  to  ignite? 

7th : — Does  it  have  a  tendency  to  break  up  and  fall  out  of  the 
container  after  being  fired  and  when  hanging  suspended 
from  the  parachute? 

After  the  type  of  shell  construction  has  been  decided  upon  and 
the  illuminating  composition  to  be  used  is  selected,  the  following 
points  are  to  be  determined; 


SCHI^ADT  PAPER  DISCUSSION  38 1 

I  St : — How  long  a  time  shall  the  star  be  made  to  burn,  that  is  : 
Shall  the  star  bum  for  say  15  seconds  giving  a  very  intense  light, 
or  shall  it  be  made  to  burn  for  say  30  seconds  giving  only  half 
the  candlepower. 

2nd: — With  what  rapidity  the  burning  star  may  be  allowed 
to  descend  after  being  ejected  from  the  shell. 

3rd: — What  size  and  design  of  parachute  will  allow  the  star 
to  descend  with  just  the  rate  of  speed  decided  upon. 

4th : — How  many  cubic  inches  of  space  in  the  shell  are  required 
to  take  care  of  such  a  parachute. 

5th: — The  remaining  available  space  will  be  utilized  for  the 
star,  which  now  will  be  as  large  as  the  design  of  the  shell  permits. 

In  summing  up  the  above  these  two  points  stand  out  as  the 
main  and  most  important,  ist: — How  much  space  can  be  made 
available  for  the  illuminating  composition  and,  2nd : — How  many 
candlepower  seconds  per  cubic  inch  does  this  composition 
generate  ? 
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A  SURVEY,  COMPARISON  AND  CLASSIFICATION 
OF  INDOOR  ELECTRIC  SIGNS* 


BY   P.    SCHUYLER  VAN    BLOEM** 


Neither  electrical  nor  lighting  engineers  have  given  much  atten- 
tion to  indoor  signs.  Perhaps  it  has  been  sub-consciously  felt 
that  the  facts  unearthed  about  the  outdoor  sign  apply  equally  well 
to  the  indoor  sign.  To  a  certain  extent  this  is  true  but  the 
functional  differences  of  the  two  classes  of  sign  involve  a  radical 
separation  of  the  principles  of  design. 

The  manufacturer  of  outdoor  signs  also  makes  indoor  signs 
and  generally  has  made  his  indoor  sign  but  a  miniature  of  the 
large  exterior  style.  Accurate  figures  on  the  total  size  of  the 
industry  are  not  obtainable  but  there  are  less  than  ten  concerns 
who  specialize  in  indoor  signs  alone,  while  there  seem  to  be 
about  one  hundred  manufacturers  who  make  some  form  or  other 
of  interior  sign.  Amongst  these  manufacturers  are  fixture 
makers,  electricians,  mechanics,  glass  houses,  sign  makers  and 
painters,  and  others  who  have  little  capacity  or  ability  to  design 
really  efficient  indoor  signs. 

Lighting  and  power  companies  should  be  interested  in  the  in- 
door sign  field  for  the  large  number  of  these  current-consuming 
devices  make  up,  to  a  certain  extent,  the  larger  amount  of  current 
used  by  the  few  large  signs.  One  large  New  York  department 
store  has  a  single  outdoor  electric  sign,  using  1,550  watts  av- 

*An  Abstract  of  a  paper  presented  before  the  New  York  Section  of  the  Illuminat- 
ing Engineering  Society,  April  20,   1922. 

**President,   Viking   Sign    Co.,   New   York   City. 

The  Illuminating  Engineering  Society  is  not  responsible  for  the  statements  or 
opinions   advanced  by  contributors. 

382 


ABSTRACTS 


383 


erage,  while  on  the  interior  of  the  same  store  there  are  loi  signs 
each  using  from  25  watts  up.  From  actual  computation  the  power 
used  by  the  indoor  signs  amounts  to  4,850  watts  average.  Thus, 
annually,  the  outdoor  sign  consumes  approximately  two  million 
watt  hours,  while  the  indoor  signs  consume  approximately  eleven 
and  one-half  million  watt  hours.  Ten  orders  from  the  books  of 
a  corporation  specializing  in  the  manufacture  of  indoor  signs 
show  that  there  were  1,800  signs  represented,  using  2.25,000 
watts  average,  which,  for  six  hours  per  day  in  a  300-day  year, 
will  have  used  approximately  405  million  watt  hours.  Ten  orders 
from  the  books  of  a  corporation  making  outdoor  signs  show 
that  the  signs  represented  use  approximately  109  million  watt 
hours  for  the  same  period. 

Many  factors  are  brin-ing  about  the  greater  use  of  the  indoor 
electric  sign.  The  complexity  of  the  modern  building  with  its 
maze  of  corridors  and  passageways  demands  the  rapid  introduc- 
tion of  effective  means  of  educating  the  public.  Increasing  com- 
petition among  merchants  is  bringing  about  the  greater  use  of 
indoor  signs  to  induce  sales,  to  promote  good  will  and  give  cus- 
tomers every  advantage  of  service  and  convenience.  City  ordin- 
ances, such  as  zoning  laws  and  fire  prevention  laws,  demand  the 
use  of  a  device  to  quickly  attract  the  attention  of  people.  The 
indoor  electric  sign  has  so  far  shown  itself  to  be  the  most  effec- 
tive and  persuasive  medium  for  this  purpose. 

The  most  simple  classification  of  this  type  of  sign  can  be  made 
according  to  the  wording  of  the  sign. 

FUNCTIONAL   CLASSIFICATION   OF  INDOOR   FLECTRIC    SIGNS 

1.  Safety  sign 

2.  Directional  sign 

3.  Explanatory  sign 

4.  Announcement  sign 

5.  Publicity  sign 

6.  Merchandise  display  sign 

7.  Luminaire  sign 

Before  comparing  the  several  types  of  these  signs  it  is  neces- 
sary to  set  a  rcasfmable  standard  to  judge  by.  The  following 
tabic  1)ncfly  sets  up  this  standard. 
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ESSEJNTIALS  OF  A  SATISFACTORY  INDOOR  EI.ECTRIC   SIGN 

1.  The  sign  must  perform  its  function  efficiently. 

2.  It  must  have  position. 

3.  Its  appearance  should  be  pleasing. 

4.  The  operating  cost  should  be  low. 

5.  The  first  cost  should  be  low  in  proportion  to  the  value. 
From  the  above  standard  some  of  the  commercial  signs  can  now 

be  judged.    The  following  list  gives  the  types  in  general  use. 

CLASSIFICATION   OF   INDOOR  ELECTRIC  SIGNS  BY  TYPE 

1.  Exposed  lamp  sign 

2.  Enclosed  type 

(a)  Glass  face,  direct  lighting 

(b)  Metal  face 

(c)  Glass  and  metal  face,  indirect  lighting 

(d)  Moving  type 

(e)  Specialty 

EXPOSED  LAMP  SIGNS 

Signs  of  this  type  for  indoor  use  range  in  size  from  one-inch 
letters  to  six  or  eight-inch  letters.  The  large  number  of  lamps 
required  and  the  bold,  heavy  lettering  often  make  this  type  of 
sign  illegible  and  poor  in  appearance.  Spotty  illumination  and 
short  life  of  miniature  lamps  often  make  the  first  cost  extremely 
high.  Letters  using  small,  special  bulbs  shaped  to  the  character 
of  the  letter  are  not  particularly  graceful  although  they  are  some- 
times very  effective.  Though  operating  and  maintenance  cost  is 
comparatively  high,  this  type  of  sign  is  often  very  good  for 
publicity  purposes. 

TRANSPARENCY 

This  type  of  sign  when  carefully  constructed  as  to  letter  pro- 
portion, color  combination  and  even  lighting  becomes  a  very 
beautiful  sign  when  new.  In  many  cases,  however,  heat  soon 
destroys  the  reflecting  quality  of  the  paint  and  very  often  careless- 
ness in  renewing  lamps  mars  the  interior  painting  and  spoils  the 
effect.  The  low  cost  of  picturizing  and  the  flexibility  of  letter 
arrangement  makes  this  sign  popular. 

Special  types  of  transparency  such  as  the  Decalcomania  sign 
and  photographic  sign  are  expensive  in  first  cost  and  expensive  to 
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maintain.     They  are,  however,  admirably  adapted   for  quantity 
work  and  are  often  used  in  the  advertising  field. 

ENCLOSED    TYPE 

Box  shape,  stenciled  letter  signs  of  this  type  when  well  made 
and  well  lighted  are  very  good.  Letter  design  and  spacing  is  un- 
limited, lamp  breakage  is  low  and  when  lighted  by  semi-indirect 
methods  using  bold  stroke  letters,  widely  spaced,  they  become 
very  effective  and  economical. 

The  raised  sheet  glass  letter  sign  is  even  better  than  a  stenciled 
letter  type.  Four  to  six-inch  letters  with  wide  strokes  have  good 
long-distance  legibility  with  little  halation.  Signs  of  this  type  are 
less  flexible  than  the  stenciled  sign  but  the  better  diffusion  and 
less  halation  offset  this  disadvantage.  In  smaller  letters  this  type 
of  sign  is  less  effective,  unless  a  simple  form  of  block  or  Egyptian 
letter  is  used.  The  greatest  disadvantage  of  this  type  of  sign  is 
the  lack  of  color  and  sparkle  and  the  destructibility  of  the  letters. 

Prismatic  glass  raised  letters  are  much  better  than  the  sheet 
glass  letters.  Due  to  the  peculiar  form  of  the  raised  section 
which  is  superimposed  upon  a  thick  back  plate,  a  more  brilliant 
effect  is  produced  with  a  given  wattage  than  with  any  other  sign 
letter  in  use.  With  a  back  plate  of  either  diffusing  glass  or 
opalescent  glass  very  good  illumination  occurs.  Since  the  re- 
ceiving surface  is  larger  in  square  area  than  the  projecting  sur- 
face the  largest  amount  of  received  light  through  refraction  and 
reflection  is  thrown  out  and  this  type  of  letter  will  pick  up  even 
the  slightest  glow.  Due  to  the  method  of  manufacture  sharp 
contours  and  sharp  lined  character  faces  can  be  used,  thus  per- 
mitting the  use  of  the  more  refined  and  artistic  alphabet  such  as 
the  Greek  and  Roman.  The  sharp  angular  projections  give  the 
letter  an  embossed  appearance,  producing  a  very  pleasing  effect. 
Being  made  up  of  prisms  the  letter  can  bo  used  equally  well  with 
direct  or  indirect  illumination,  thus  permitting  a  greater  flexibility 
in  the  design.  This  type  of  letter  also  gives  more  pure  color  and 
is  well  adapted  to  the  uses  where  color  is  important. 

The  "Polaralite"  sii^ni  is  oiu'  of  the  most  popular  011  the  market 
due  to  its  beauty  and  clTcctive  appearance.  The  illumination, 
though  at  times  slightly  iniLjular.  together  with  tlu'  iiom'I  i-fTect 
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of  no  apparent  visible  means  of  illumination  and  its  neat  and  clean 
appearance  increases  its  popularity.  As  the  position  and  length 
of  the  lamp  filament  relative  to  the  matter  to  be  illuminated  is 
highly  important  the  sign  must  be  built  around  the  lamp  or  com- 
bination of  lamps  to  be  used.  Due  to  its  indirect  illumination  the 
most  suitable  location  for  such  a  type  of  sign  is  dimly  lighted 
corridors  and  rooms.  Its  effect  in  brightly  lighted  spaces  is 
often  lessened  due  to  high  reflection  from  its  polished  glass  sur- 
faces from  other  neighboring  high  wattage  lamps.  The  operating 
and  maintenance  cost  is  low  due  to  the  use  of  standard  tubular 
lamps  with  a  rated  life  of  1,000  hours. 

The  ''Viking  T"  type  sign  is  very  similar  to  the  'Tolaralite" 
except  for  the  all  metal  surface.  Indirect  lighting  is  accomplished 
by  admitting  the  light  through  the  edge  of  the  back  plate  of  the 
prismatic  letter.  The  feature  of  convertibility  from  standing  type 
to  a  hanging  type  by  turning  the  letter  face  increases  its  popu- 
larity. Colored  letter  effects  may  be  obtained  but  no  pictorial 
effects.  The  all  metal  construction  makes  this  type  practically 
indestructible  and  increases  the  popular  demand. 

CONCLUSION 

In  this  paper  there  has  been  no  attempt  to  take  up  the  details 
of  lamps,  spacing  and  arrangement,  methods  of  support,  heat- 
ing and  ventilation  or  wiring.  It  seems  best  that  such  questions 
be  left  out  from  such  a  survey. 


HOW  BETTER  LIGHTING  INCREASED  OUR  PRODUC- 
TION TWENTY-FIVE  PER  CENT* 


BY  JOHN   MAGEE** 


Three  years  ago  the  local  light  and  power  company  came  to 
us  with  a  bargain  to  drive.  And  they  drove  it  much  to  the  mu- 
tual satisfaction  of  both  parties.  They  said  in  so  many  words, 
"You  have  a  plant  here  which  we  believe  isn't  operating  at  its 
full  capacity  because  it  is  poorly  lighted.  We  believe  we  can 
improve  conditions.  At  the  same  time  it  just  happens  that  we 
want  to  conduct  some  tests  to  decide  which  lighting  arrangement 
is  most  adaptable  to  machine  shop  work.  Let  us  come  into 
your  plant,  install  a  meter  and  lighting  equipment,  supply  the 
current,  and  your  lighting  costs  will  be  nothing  for  12  or  15 
months — the  period  over  which  we  want  to  make  the  tests.  In 
return  you  can  agree  to  supply  us  with  production  data." 

I  have  heard  it  said  that  it  is  almost  impossible  to  determine 
the  effects  of  good  lighting  with  anything  like  exactness  at  least. 
In  fact  there  are  factory  executives  to-day  who  pay  but  very 
little,  if  any,  attention  to  improving  their  plant  illumination.  And 
probably  their  indifference  is  due  in  no  small  part  to  ignorance 
of  just  what  savings  can  be  accomplished  with  a  slight  rearrange- 
ment of  fixtures  which  they  already  have  and  an  intelligent  study 
of  the  right  candlepower  bulbs  to  use. 

Good  lighting  is  so  tied  up  with  healthy  working  conditions 
that  it  is  not  difficult  to  foresee  the  time  when  it  will  be  more 
closely  controlled  by  laws  and  ordinances  enforced  by  state  and 
federal  officers.  But  to  my  mind,  factory  executives  have  much 
more  to  gain,  selfishly  if  you  will,  by  taking  the  matter  into  their 
own  hands  now. 

I  started  out  to  say  that  it  was  impossible  to  measure  quanti- 
tatively the  effects  of  good  lighting.  And  I'll  admit  I  believed 
this  three  years  ago,  but  I  don't  to-day.    The  impossible  has  been 
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done.  It  was  done  in  our  own  plant.  I  am  going  to  pass  its 
good  points  along  the  line  for  the  benefit  of  other  managers  who 
are  looking  for  progressive  ways  to  turn  out  more  production 
with  the  same  number  of  men  and  machines,  thereby  decreasing 
unit  costs. 

You  know  as  a  matter  of  fact,  production  and  lighting  are 
more  closely  tied  up  than  you  might  imagine.  It  would  not  be 
going  too  far,  perhaps,  to  say  that  lighting  is  to  production  what 
gasoline  is  to  the  automobile.  The  average  automobile  driver 
fills  up  his  tank  and  never  gives  much  thought  to  the  engine  so 
long  as  the  car  runs  smoothly.  Perhaps  by  buying  some  other 
kind  of  gasoline  his  motor  would  not  carbonize  so  quickly,  or 
he  might  show  a  better  consumption  per  mile,  or  perhaps  the 
motor  wouldn't  heat  up  so  quickly.  But  no,  gasoline  is  only  a 
small  part  of  the  upkeep  of  the  car  and  little  attention  is  paid 
to  it. 

It's  much  the  same  with  lighting.  Compared  with  the  amount 
of  money  it  takes  to  meet  payrolls  every  week,  the  light  bill  is 
a  drop  in  the  bucket.  Supposing  the  bill  does  run  twice  as  high 
some  months  as  others,  even  after  discounting  for  the  varying 
lengths  of  daylight.  Certainly  the  firm  wouldn't  have  to  go  out 
of  business — in  fact  I  doubt  if  99  per  cent  of  concerns  would 
even  notice  it. 

All  this  is  a  little  aw^y  from  the  subject,  but  what  I  am  try- 
ing to  make  clear  is  that  production  is  absolutely  dependent  upon 
good  lighting.    And  the  tests  which  we  made  will  prove  it. 

And  what  happened?  When  the  lighting  company  completed 
its  tests  we  were  so  amazed  with  the  results  that  it  took  no  per- 
suasion whatever  for  us  to  install  the  equipment  permanently. 
Incidentally,  we  have  recently  acquired  a  foundry  which  enables 
us  to  get  castings  without  depending  upon  .outside  concerns.  And 
in  this  foundry  we  have  put  a  lighting  arrangement  similar  to 
the  one  in  the  shop.  This  fact  in  itself  shows  that  we  are  com- 
pletely sold  on  the  large  part  good  lighting  plays  in  improved 
production  and  lower  costs. 

In  Figure  i,  I  have  endeavored  to  show  just  what  occurred. 
By  no  means  is  it  complete;  that  is,  complete  in  the  sense  that 
it  shows  all  phases  of  the  improvements.  But  it  does  indicate 
at  least  the  very  tangible  results  secured  in  increased  produc- 
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Fig.    I. — Production  kept   on  the  increase   as   lighting  was   improved. 

tion,  and  also  the  increase  in  cost  efficiency  —  a  term  which 
means  little  to  the  average  man  except  to  reflect  in  a  general 
way  a  decrease  in  unit  costs. 

The  department  selected  was  one  where  there  was  consider- 
able difficulty  in  lighting  it  properly  on  account  of  the  close  set- 
ting of  belt-operated  machines  and  the  dust  accumulation  due 
to  the  grinding  operations.  The  lighting  arrangement  which 
we  were  using  at  the  time  of  the  tests,  consisted  of  individual 
drop  lights  at  each  machine.  And  with  it  we  were  turning  out 
about  70  per  cent  production,  basing  the  capacity  at  12,000  pis- 
ton rings  a  day.  As  nearly  as  we  could  estimate,  the  average 
intensity  of  illumination  was  about  1.2  foot-candles.  Obviously, 
this  was  pretty  low  considering  that  a  conservative  estimate  of 
plant  capacity  had  been  made. 

One  of  the  difficulties  which  arise  in  making  any  investigation 
lies  in  holding  all  the  variable  factors  constant  except  the  one 
which  is  to  be  studied.  This  is  one  of  the  reasons,  I  believe,  why 
so  little  definite  data  are  at  hand  showing  the  relation  between 
good  lighting  and  increased  production.  In  fact  you  will  notice 
from  the  curves  that  monthly  j)r()(luclion  figures  were  hardly  in- 
dicative of  any  regular  rise  or  fall.  On  the  contrary  they  zig- 
zag most  irregularly.  This  is  something  which  it  is  practically 
impossible  to  get  away  from  for  (here  arc  many  factors  at  work 
which  affect  the  aniount  of  goods  turned  out — changes  in  de- 
mand, poor  raw  material,  delays  in  dolixcry,  and  so  on. 
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ke:eping  all  i^actors  constant  kxce:pt  lighting 

Although  no  mean  line  is  drawn  for  the  curves  below  it  takes 
no  large  amount  of  imagination  to  notice  a  distinct  upward  trend 
as  the  lighting  intensity  was  increased. 

In  order  to  keep  out  of  the  results  these  outside  factors  which 
might  offset  production,  the  number  of  employees  remained  the 
same  during  the  period  of  the  test.  The  same  was  true  of  ma- 
chinery and  its  accessories.  In  fact,  the  only  factor  which  we 
wilfully  varied  was  the  lighting. 

F'urthermore,  to  keep  out  the  influences  of  seasonal  changes, 
we  took  a  long  period  of  time  to  make  the  tests — fifteen  months, 
to  be  exact.  To  this  we  attribute  the  reliability  of  the  tests  ob- 
tained. 

Another  reason  why  but  little  has  been  written  relative  to  pro- 
duction and  better  lighting  is  the  fact  that  all  experiences  have 
been  based  upon  the  practise  of  one  plant.  And,  says  the  ex- 
ecutive across  the  street,  '*  Smith  has  a  different  problem  alto- 
gether from  what  I  have.  He  turns  out  thousands  of  screws 
every  day  while  we  busy  ourselves  with  producing  half -ton  cast- 
ing. What  can  I  profit  by  his  experience?"  Whether  he  can 
or  not,  I  am  not  prepared  to  say,  but  I  do  believe  that  many 
times  the  idea  of  one  man  can  be  molded  to  fit  the  needs  of  an- 
other. 

At  any  rate,  I  am  going  to  describe  briefly  just  what  took 
place.  As  I  stated  before,  we  were  working  at  about  70  per 
cent  capacity.  We  took  one  department — 25  feet  by  100  feet, 
and  provided  it  with  thirty-five  outlets  spaced  on  7.5-foot  cen- 
ters. These  outlets  were  mounted  9.5  feet  from  the  floor,  and 
the  whole  system  was  so  arranged  that  any  size  lamp  up  to  200 
watts  could  be  used. 

Bulbs  with  diffusing  caps  rated  at  100  watts  were  first  tried 
over  a  period  of  four  months.  The  average  production  during 
that  time  was  a  little  over  13  per  cent  better  than  the  old  in- 
dividual type  of  lamps.  And  the  average  intensity  of  light  for 
the  whole  shop  was  about  6^  foot-candles. 

And  so  it  went;  150- watt  lamps  with  standard  dome  reflectors 
pulled  a  production  of  88.4  per  cent  or  an  increase  of  17.9  per 
cent  over  the  old  installation;  200-watt  lamps  with  dome  glass 
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top  reflectors  showed  a  96.3  per  cent  production  which  was  actual- 
ly a  25.8  per  cent  increase.  The  intensity  averages  for  these  two 
last  tests  were  9  foot-candles  and  14  foot-candles  respectively. 

We  analyzed  the  results  as  we  went  along,  but  before  we  were 
half  through  with  the  job  it  was  perfectly  obvious  that  there  was 
going  to  be  a  neat  little  saving  here.  So  we  laid  aside  the  fig- 
ures for  an  instant  and  started  estimating  in  another  direction. 

Like  all  companies,  we  had  a  certain  amount  of  spoilage,  acci- 
dent hazards,  and  so  forth,  which,  no  doubt,  could  be  laid  to 
inadequate  lighting.  A  few  minutes  spent  in  adding  and  sub- 
tracting revealed  this  fact :  that  the  costs  of  all  the  spoilage,  acci- 
dent hazards,  and  so  on,  which  represented  v/astes,  could  be  off- 
set by  a  I  per  cent  increase  in  production.  And  the  200 -watt 
installation  gave  us  a  25  per  cent  increase ! 

While  the  increased  cost  of  the  new  lighting  system  over  the 
old  one  was  48  per  cent,  this  only  represented  about  a  2  per  cent 
increase  when  measured  in  terms  of  the  monthly  payroll. 

In  other  words,  the  maintaining  of  a  good  lighting  system  is 
but  a  small  fraction  of  the  general  operating  expenses.  And 
because  it  has  such  an  important  effect  on  production  it  is  folly 
to  think  of  curtailing  its  expense. 

I  doubt  if  I  could  say  off-hand  just  how  much  more  business 
we  have  been  able  to  get  because  of  the  lower  unit  costs  due  to 
a  large  volume  of  production. 

Should  we  resort  to  the  ancient,  though  convenient  method  of 
counting  on  our  fingers,  there  would  be  some  difficulty  in  find- 
ing enough  fingers  on  two  hands,  even  if  we  counted  by  thou- 
sands of  rings  a  day. 

Because  of  the  marked  decrease  in  overhead  expense  we  could 
get  our  costs  down  to  a  point  where  we  could  sell  at  a  figure 
which  brought  an  increased  volume.  And  this  volume  is  a  fac- 
tor which  still  further  reduces  overhead.  Improved  lighting 
was  an  eye-opener  to  the  many  savings  better  methods  of  man- 
agement can  make.  And  we  are  becoming  increasingly  aware 
of  these  better  methods  every  day. 
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PHILADELPHIA  Meeting— March  13,  1923 

The  March  meeting  of  the  Philadelphia  Section  was  held  at  the 
Engineers'  Club  on  the  evening  of  the  13th,  The  paper,  "Church  Light- 
ing," was  to  have  been  given  by  Air.  A,  L.  Powell,  Illuminating  Engi- 
neer of  the  Edison  Lamp  Works  of  Harrison,  N.  J.,  but  on  account 
of  sickness  Mr.  A.  B.  Oday  of  the  same  company  presented  the  subject. 

Mr.  Oday  started  his  talk  by  calling  attention  that  in  the  churches 
in  Medieval  times  no  artificial  light  was  required  as  services  were  held 
during  the  day.  In  later  times  various  forms  of  illumination  were 
gradually  introduced  as  the  demand  for  artificial  lighting  increased.  He 
then  described  the  various  forms  of  lighting  which  are  now  available, 
stating  that  in  the  Ritualistic  churches  direct  lighting  is  generally  the 
most  appropriate,  either  using  single  units  or  a  number  of  units  grouped 
on  a  fixture.  Also  that  by  means  of  reflectors  on  the  rear  of  the  chancel 
arch  higher  intensity  can  be  obtained  to  bring  out  this,  the  most  important 
part  of  the  church.  In  this  style  of  architecture  it  is  frequently  possible 
to  conceal  the  lamps  behind  the  roof  beams. 

In  the  Evangelical  churches  any  style  of  lighting  may  be  used  appro- 
priately but  indirect  lighting  may  be  used  to  an  advantage. 

The  speaker  stated  that  not  infrequently  the  poor  lighting  effects 
which  were  noticeable  in  some  churches  were  due  to  lack  of  co-operation 
between  the  architect  and  the  illuminating  engineer  and  hoped  that  better 
results  might  be  obtained  in  the  future.  He  also  spoke  on  the  possibil- 
ity of  using  colored  lighting  and  mentioned  the  result  obtained  by  this 
method  in  St.  Mark's  Church  in  New  York.  The  use  of  a  spot  light 
for  illuminating  the  speaker  could  also  be  used  to  an  advantage  at  times. 

The  lighting  of  stained  glass  windows  was  an  object  which  fre- 
quently necessitated  considerable  skill  to  produce  good  results  on  account 
of  the  different  densities  of  the  colored  glasses.  This  might  be  done 
either  by  flood  lights,  where  the  space  is  available,  or  locally  by  means 
of  smaller  units. 

Mr.  Oday  also  spoke  on  the  advertising  illumination  of  churches. 
This  may  be  either  in  the  form  of  signs  or  simply  illuminating  the  bill 
boards  which  contain  the  various  notices  of  the  services.  He  stated  that 
in  the  interior  wiring  provision  should  be  made  for  the  use  of  a  stere- 
optican  lamp. 

Maintenance  of  the  lighting  in  churches  is  an  important  item  and 
one  which  should  be  seriously  considered  by  the  architect  and  illuminat- 
ing engineer.     If   the   fixtures   are  not  accessible,   or   the   lamps   can   be 
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replaced  only  by  considerable  trouble  and  expense,  the  burnt  out  lamps 
will  be  permitted  to  remain  for  some  time  with  the  resultant  poor  effect 
and  illumination. 

The  talk  was  illustrated  by  a  number  of  lantern  slides  showing  good 
and  bad   lighting  of   both   interior   and   exterior   of   various    churches. 

The  paper  was  followed  by  a  short  description  by  Mrs.  Mary  H. 
Greenewalt  on  "The  Lighting  Score  for  the  Episcopal  Service  and  ]\Iech- 
anism  for  Interpreting  It,"  which  method  consisted  in  using  colored 
lights  which  are  varied  in  accordance  with  the  different  parts  of  the 
service. 

Forty  attended  the  dinner  preceding  the  meeting,  at  which  there 
were   fifty-five   members   and   guests   present. 

NORTHERN  NEW  JERSEY  Meeting— March  7,   1923 

The  Northern  New  Jersey  Chapter  of  the  Illuminating  Engineer- 
ing Society  was  organized  on  the  evening  of  March  7,  1923,  at  a  meet- 
ing held  at  8  :oo  P.  M.  in  the  auditorium  of  the  PubHc  Service  Terminal, 
Newark,   N.   J. 

The  meeting  was  called  to  order  by  Mr.  D.  McFarlan  Moore,  who 
acted  as  temporary  chairman.  In  some  preliminary  remarks  Mr.  Aloore 
emphasized  the  benefits  which  the  members  of  the  Illuminating  Engi- 
neering   Society   derive    from    the   activities   of    the    organization. 

Mr.  Ward  Harrison,  President  of  the  I.  E.  S.,  was  then  introduced 
by  Mr,  Moore  as  the  first  speaker  of  the  evening.  President  Harrison 
spoke  of  the  great  progress  which  the  Society  has  made  during  the  past 
year,  and  stated  that  membership  had  increased  this  year  more  rapidly 
than  at  any  time  in  its  history.  Mr.  Harrison  further  stated  that  since 
only  about  two  per  cent  of  the  people  in  the  country  or  any  city  arc 
responsible  for  about  ninety-eight  per  cent  of  the  progress  made,  he 
felt  confident  that  with  the  showing  made  at  this  first  meeting,  this 
section  will  in  the  near  future  be  able  to  show  great  progress  towards 
better  lighting  conditions. 

Mr.  P.  S.  Young  of  the  Public  Service  Electric  Co.  was  the  next 
speaker  and  spoke  in  part  as  follows : 

"I  am  glad  to  have  heard  the  President  of  the  Society  state  that  it 
has  now  reached  its  third  and  greatest  stage  of  development  because  I 
agree  with  him  that  the  Society  will  do  its  best  work  when  the  knowledge 
of  proper  illumination  is  flisscMuinatcd  broadly  through  all  classes.  *  *  ♦  ♦ 
I  believe  it  means  that  there  is  going  to  be  some  very  useful  work  done 
in  New  Jersey.  I  believe  that  useful  work  means  not  only  a  better  com- 
mercial development  of  lighting  but  it  means  better  health  for  the  people 
and  greater  satisfaction  for  everyone  in  the  lighting  industry.  I  think 
we  are  all  going  to  derive  great  benefit  from  it  and  will  feci  the  satis- 
faction of  doing  something  worth  while.  I  think  that  as  individuals  are 
banded  together  for  work  that  they  know  is  beneficial  the  standard  of 
their  own  work  is  improved  and  they  get  a  great  deal  more  pleasure  (Hit 
of    their   work." 
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The  next  speaker  was  Colonel  L.  T.  Bryant,  Commissioner  of  Labor 
of  the  State  of  New  Jersey.  Colonel  Bryant  stated  that  after  having  been 
head  of  the  Department  of  Labor  in  New  Jersey  for  so  many  years  he 
realized  the  very  great  necessity  of  improved  lighting  conditions  in  our 
industries,  especially  in  the  factories,  and  that  the  Department  of  Labor 
has  a  very  direct  interest  in  having  the  factories  properly  lighted.  It  is 
better  for  the  eyes,  it  afifects  the  m.orale  of  the  laboring  man,  it  has  a 
close  bearing  on  the  number  of  accidents,  it  has  a  l>earing  on  the  health 
and  efficiency  of  the  employees,  and  undoubtedly  increases  the  output  of 
the  factory.  Colonel  Bryant  pledged  the  fullest  co-operation  of  the  De- 
partment of  Labor  in  any  movem.ent  that  will  impress  upon  the  minds  of 
factory  owners  the  necessity  for  better  lighting  conditions. 

Mr.  Preston  S.  Millar  of  the  Electrical  Testing  Laboratories  and  Mr. 

F.  Rosseter,  President  of  the  Master  Electricians  Association  of  Newark, 
were  the  next  speakers.  Mr.  Millar  gave  a  short  historical  sketch  of 
the  Society,  and  discussed  its  aims  and  objects,  and  reviewed  some  of 
its  past  accomplishments.  Mr.  Rosseter  stated  that  the  organization 
which  he  represented  was  very  glad  to  see  this  Chapter  being  formed 
and  would  do  everything  they  could  to  make  it  a  success.  He  thought 
that  by  getting  together  in  a  Chapter  of  this  kind  the  wiring  contractors 
could  learn  more  about  the  illuminating  engineer's  viewpoint  and  the  il- 
luminating engineer  would  learn  more  about  the  wiring  contractors'  end 
of  the  business. 

The  following  officers  were  elected :  Chairman,  Mr.  W.  T.  Black- 
well,  Public  Service  Elec.  Co.,  Newark,  N.  J.;  Secretary,  Mr.  H.  C.  Cala- 
han,  Tri-City  Electric  Company,  Newark,  N.  J. ;  Treasurer,  Mr.  George 
Davis,  Davis  Electric  Company,  Newark,  N.  J.  Messrs  D.  McFarlan 
Moore,  F.  Rosseter,  Paul  Jaehnig,  Ellsworth  Francisco  and  R.  R.  Young 
were   elected  on  the   Board  of   Managers. 

Messrs.  D.  McFarlan  Moore  and  F.  Rosseter  were  appointed  on  a 
committee  to  prepare  a  constitution  and  by-laws  which  will  be  presented 
to  the  Board  of  Managers  at  a  later  date. 

Among  the  other  speakers  was  Mr.  Herman  Plaut,  Vice-President 
of  the  National  Council  of  Fixture  Manufacturers.  Mr.  Plaut  empha- 
sized the  benefit  which  the  manufacturers  and  electrical  contractors,  and 
other  people  interested  in  illumination,  could  derive  from  membership 
in  the  Society  and  attendance  at  its  meetings.  Other  speakers  were 
Mr.  Geo.  H.  Stickney,  Past-President  of  the  Society;  Mr.  W.  T.  Black- 
well,   General   Lighting   Representative,   Public   Service   Co. ;    Mr.    Samuel 

G.  Hibben,    General    Secretary    of    the    Society;    and    Mr.    Rowland    H. 
Leveridge,  Department  of   Labor,   State  of  New  Jersey. 

On  the  motion  of  Chairman  W.  T.  Blackwell,  Colonel  L.  T.  Bryant 
was  elected  Honorary  Member  of  the  Northern  New  Jersey  Chapter  of 
the   Society. 
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Mr.  A.  L.  Powell,  Chairman,  New  York  Section,  was  unable  to  at- 
tend but  forwarded  a  letter  which  was  read  to  the  meeting  and  in 
which  Mr.  Powell  wished  the  new  Chapter  success  and  hoped  that  the 
New  York  Section  and  Northern  New  Jersey  Chapter  would  work  in 
close  harmony  and  to  their  mutual  advantage. 

NEW  ENGLAND  Meeting— March  30,  1923 

On  March  30,  a  joint  meeting  of  the  New  England  Section  of  the 
I.  E.  S.  and  the  Boston  Section  of  the  A.  I.  E.  E,  was  held  at  the 
Engineers'  Club,  Boston.  The  speaker  of  the  evening  was  Mr.  M,  Luckiesh, 
director  of  the  Laboratory  of  Applied  Science,  Nela  Park,  Cleveland.  His 
subject  was  the  "History  of  Artificial  Lighting  and  its  Influence  on  Civili- 
zation." 

Mr.  Luckiesh's  talk  was  illustrated  by  numerous  slides  showing  lu- 
minaires  of  past  ages  starting  with  the  firebrand  of  prehistoric  man  and 
culminating  in  the  present  day  incandescent  lamp.  Slides  were  shown  of 
modern  types  of  lighting  installations  made  possible  by  the  present  day 
lighting  sources. 

The  feature  of  the  evening  was  the  display  of  the  30,000-watt  incan- 
descent lamp  developed  at  the  Research  Laboratories  of  the  General  Elec- 
tric Company  for  Maude  Adams.  This  lamp  excited  much  interest  amongst 
the  audience,  and  received  a  great  deal  of  publicity  in  the  local  newspapers. 

An  interesting  discussion  on  the  future  of  lighting  took  place  at  the 
close  of  the  meeting  in  which  members  of  the  faculty  of  M.  I.  T.  took 
an  active  part. 

Many  architects  were  present  at  this  meeting  and  commented  on  the 
excellence  of  the  talk.  About  one  hundred  and  twenty  members  of  the 
two  Societies  were  present  including  a  number  of  the  members  of  the 
faculty  of  the  Massachusetts  Institute  of  Technolog}'  and  engineers  from 
the  large  engineering  firms  in  New  England. 

NEW  YORK  Meeting— April  3,  1923 

The  meeting  scheduled  for  March  was  held  on  the  evening  of  April 
3  at  the  American  Art  Gallery,  57th  and  Madison  Ave.,  New  York  City. 
Prior  to  this  meeting  the  members  of  the  Section  inspected  the  Grand 
Central  Art  Galleries  at  Grand  Central  Terminal.  The  systems  of  illu- 
mination of  both  of  these  art  galleries  were  informally  explained  during 
the  tour  of  inspection. 

A  paper,  "New  Developments  in  Art  Gallery  Illumination,"  was  pre- 
sented by  Mr.  Lawrence  X.  Cliampeau,  of  Kirby-Champeau  Co.,  Inc.,  of 
New  York  City.  An  interesting  discussion  followed  and  eighty-five  mem- 
bers and  guests  attciidcd  the  meeting. 

COLUMBUS  Meeting— February   20,   1923 

The  Columbus  Chapter  inrt  <>ii  the  evening  of  I'ohruary  Jo  at  wlu'ch 
Mr.  Ward   Harrison,  PresidciU  of  the   I.  IC.   S.  gave  tlic  principal  address. 
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The  Officers  of  the  Chapter  are  as  follows :  Chairman,  Mr.  G.  F. 
Evans ;  Secretary,  Mr.  R.  C.  Moore ;  the  Board  of  Governors  consist  of  the 
Chairman,  Secretary,  and  Messrs.  F.  C.  Caldwell,  Karl  Piez,  and  Dr.  G.  E. 
Sulzer. 

COUNCIL  NOTES 


ITEMS  OF  INTEREST 


At  the  meeting  of   the   Council,   March  8,    1923,  the   following  were 
elected  to  membership. 

One  Member 

Pence,  David  C,  Illinois  Electric  Co.,  313-315  San  Pedro  St.,  Los  Angeles, 
Calif. 

Twenty-Four  Associate  Members 

Bensi,  R.  J.,  South  American  General  Electric  Co.,  560  Av.  De  Mayo, 
Buenos  Aires,  Argentine,  South  America. 

Bi^ivEN,  Joseph  Edward,  Empire  Theatre  Co.,  394  Bank  Street,  New  Lon- 
don, Conn. 

Brown,  David  Seymour,  New  York  Telephone  Co.,  104  Broad  Street,  New 
York,  N.  Y. 

Camp,  H.  M.,  The  Tennessee  Electric  Power  Co.,  620  Market  Street,  Chat- 
tanooga, Tenn. 

Graaee,  Antonius  de.  Philips'  Glowlampworks,  Ltd.,  Eindhoven,  Holland. 

EvERSON,  R.  W.,  Westinghouse  Lamp  Co.,  1321  Candler  Bldg.,  Atlanta,  Ga. 

HoEEEER,  Otto  A.,  Central  111.  Public  Service  Co.,  Beardstown,  111. 

Hoeman,  E.  R.,  Solar  Lighting  Co.,  Inc.,  219  East  Fourth  St.,  Los  Angeles, 
Calif. 

Kershaw,  K.  O.,  Panama  Lamp  &  Com.  Co.,  757,  S.  Los  Angeles  St.,  Los 
Angeles,  Calif. 

Knight,  ChareES,  Eastern  Malleable  Iron  Co.,  Bridge  Street,  Naugatuck, 
Conn. 

KrapE,  Edgar  W.,  F.  Huffer  Co.,  1208  Liberty  Avenue,  Brooklyn,  N.  Y. 

LyeE,  a.  Ernest,  Canadian  Westinghouse  Co.,  Aberdeen  Ave.,  Hamilton, 
Ontario,  Canada. 

MossGROVE,  J.  R.,  Erner  &  Hopkins  Electric  Co.,  146  N.  Third  St.,  Colum- 
bus, Ohio. 
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Naland,  C.  W.,  The  Union  Electric  Co.,  Abilene,  Kansas. 

O'Leary,  Joseph  J.,  Westinghouse  Electric  &  Mfg.  Co.,  iii  W.  Washing- 
ton St.,  Chicago,  111. 

Oi,M STEAD,  Henry  C,  Western  Electric  Co.,  500  S.  Clinton  St.,  Chicago,  111. 

Smith,  James  Y.,  Westinghouse  Elec.  &  Mfg.  Co.,  165  Broadway,  New 
York,  N.  Y. 

Smith,    Raymond   A.,    Crescent    Electric    Co.,    150   Jefferson    St.,    East., 
Detroit,  Mich. 

Sylvester,  Elmer  Ee  Mur,  Edison  Lamp  Works  of  the  G.  E.  Co.,  Harri- 
son, N.  J. 

Van  Volkenburg,  Ray,  Student,  University  of  Michigan,  523  Packard  St., 
Ann  Arbor,  Mich. 

White,  Wilfred  French,  Westinghouse  Elec.  &  Mfg.  Co.,  Notre  Dame 
St.,  South  Bend,  Indiana. 

Williams,  R.  O.,  Harter  Mfg.  Co.,  1850  Fulton  St..  Chicago,  111, 

Work,  W.  M.,  Westinghouse  Electric  &  Mfg.  Co.,  George  Cutter  Works, 
South  Bend,  Indiana. 

YouNGLOVE,  G.  Wilson,  Student,  University  of  Michigan,  1308  E.  Ann  St., 
Ann  Arbor,  Mich. 

Three  Sustaining  Members 

Amherst  Gas  Company,  ii  Pleasant  St.,  Amherst,  Mass. 

J.  J.  O'Connell,  Official  Representative 
Corning  Glass  Works,  Corning,  N.  Y. 

E.  C.  Sullivan,  Official  Representative. 

Irving  &  Casson— A.  H.  D.wenport  Co.,  573  Boylston  St.,  Boston,  Mass. 
David  Crownfield,  Official  Representative. 


The  General  Secretary  reported  the  death,  on  March  21,  1922,  of  one 
associate  member,  John  Williamson,  Peoples  Gas  Light  &  Coke  Co.,  122 
South  Michigan  Blvd.,  Chicago,  111, 

The  General  Secretary  reported  the  transfer  of  Henry  Logan,  12S4 
Nicholson  Ave.,  Lakewood,  Ohio,  to   lull  membership. 

CONFIRMATION    OF    APPOINTMENTS 

As  member   of   the  sub-committee   on    Rerisio)i    of   the   Code   of  School 
Lighting — E.  W.  Commery. 
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NEWS  ITEMS 


Dr.  Richard  Ulbricht,  known  by  all  illuminating  engineers  as  the  in- 
ventor of  the  Ulbricht  Integrating  Sphere,  died  on  January  13,  1923  at 
the  age  of  74  years.  Dr.  Ulbricht  was  eminent  as  an  electrical  engineer, 
having  in  1894  built  the  first  large  polyphase  station  in  Germany.  For 
27  years  he  gave  instruction  in  the  Technical  High  School  in  Dresden. 
From  1910  to  1919  he  was  President  of  the  State  Railroads  of  Saxony. 
His  first  publication  of  the  integrating  sphere  appeared  in  1900.  The  first 
publication  was  followed  by  others  in  which  the  theory  of  the  sphere  was 
very  thoroughly  investigated  mathematically.  The  illuminating  engineer- 
ing profession  owes  a  great  deal  to  Dr.  Ulbricht  for  the  sphere  photo- 
meter which  is  now  so  universally  used  and  generally  recognized  as  the 
ideal  form  of  integrator  and  which  may  be  said  to  be  the  greatest  single 
contribution  to  the  art  of  photometry  which  has  been  made  since  Bunsen 
brought  out  the  grease  spot  principle. 


The  Senior  Electrical  Engineers  of  Yale  University  are  taking 
their  annual  inspection  trip  under  the  direction  of  Professor  Warner  and 
the  Senior  Electrical  Engineers  of  the  University  of  Pennsylvania  under 
the  direction  of  Professor  Fawcett,  visited  the  Edison  Lamp  Works,  Har- 
rison, New  Jersey,  on  March  21st  and  28th  respectively.  They  inspected 
typical  lamp  factories  and  were  given  some  talks  and  demonstrations  by 
members  of  the  Lighting  Service  and  Commercial  Engineering  Depart- 
ments. 


Dr.  Elihu  Thomson,  of  the  General  Electric  Company,  Lynn,  Mass., 
was  tendered  a  dinner  in  the  Boston  City  Club  on  March  29  by  more  than 
seventy-five  frienda  and  associates  in  the  General  Electric  Company,  and 
from  Harvard  University  and  the  Massachusetts  Institute  of  Technology, 
on  the  occasion  of  his  seventieth  birthday  anniversary.  He  was  presented 
with  a  silver  loving  cup,  the  presentation  being  made  by  Mr.  Walter  C. 
Fish,  formerly  manager  of  the  Lynn  Works,  who  served  as  toastmaster. 
There  were  addresses  by  Professor  A.  E.  Kennelly,  of  Harvard  Univer- 
sity; Professor  Dugald  C.  Jackson,  of  the  Massachusetts  Institute  of 
Technology;  Professor  Comfort  Avery  Adams,  of  Harvard  University; 
Mr.  George  E.  Emmons,  of  Schenectady,  Vice-President  of  the  General 
Electric  Company;  Mr.  J.  R.  Love  joy,  of  New  York  City,  also  a  Vice- 
President  of  the  company;  Mr.  Herman  Lemp,  of  Erie,  Pa.,  and  Mr. 
F.  P.  Cox,  of  Lynn,  Mass. 
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The  Play  Work  Shop  of  the  Polytechnic  Institute  of  Brooklyn  in  con- 
junction with  the  Department  of  Electrical  Engineering,  is  presenting  a 
course  on  stage  lighting  under  the  direction  of  Mr.  A.  L.  Powell.  Mr. 
Powell  is  giving  the  introductory  lectures  and  demonstrations  and  several 
of  the  leading  stage  lighting  men  will  supplement  these  talks.  Inspection 
trips  are  planned  to  representative  theatres  in  order  that  actual  working 
conditions  may  be  observed.  A  very  comprehensive  outline  has  been  pre- 
pared and  the  subject  is  being  discussed  in  greater  detail.  This  is  probably 
the  first  time  that  an  Engineering  School  has  given  a  special  course  of 
this  nature  treating  one  particular  field  of  lighting.  Although  lectures 
are  given  outside  of  regular  hours  for  classes  there  are  approximately 
one  hundred  and  fifty  men  in  attendance  and  considerable  enthusiasm  and 
interest  is  displayed. 


Mr.  M.  Luckiesh,  National  Lamp  Works  of  Cleveland,  spoke  at  the 
annual  banquet  of  the  Lynn  Section  of  the  A.  I.  E.  E.  on  March  31  on 
the  subject,  "The  Fairyland  of  Clouds."  On  April  12  he  spoke  before 
the  Kiwanis  Club  of  Newark,  N.  J.  on  the  subject,  "Artificial  Light  and 
Civilization."  The  same  lecture  will  be  repeated  before  the  Royal  Cana- 
dian Institute  on  April  21,  at  Toronto,  Canada. 


Mr.'W.  H.  Rademacher  gave  a  series  of  talks  on  illumination  during 
the  last  week  in  March  and  the  first  two  weeks  in  April  before  Rotary 
and  Kiwanis  Clubs,  Chambers  of  Commerce  and  similar  organizations 
in  several  towns  in  Michigan. 


Dr.  Edward  P.  Hyde,  who  organized  the  Ncla  Research  Laboratories 
in  1908,  and  who  for  the  past  few  years  has  occupied  the  position  of  Di- 
rector of  Research  of  the  National  Lamp  Works  of  the  General  Electric 
Co.,  Cleveland,  Ohio,  has  tendered  his  resignation  to  take  effect  June  30 
of  this  year.  Dr.  Hyde,  who  has  been  active  in  scientific  and  technical 
affairs  for  a  number  of  years,  has  decided  to  take  a  prolonged  rest  abroad. 
He  will  temporarily  discontinue  many  of  his  activities  in  the  scientific 
and  engineering  societies,  l)ut  will  retain  his  olfice  of  President  of  the 
International  Commission  on  Illumination  uiUil  its  next  plenary  meeting 
which  is  scheduled  to  be  held  in  this  country  in  19J4.  Dr.  Hyde  is  a 
Past-President  of  the  Illuminating  Engineering  Society  and  has  taken  a 
great  deal  of  interest  in  its  affairs. 


400  TRANSACTIONS   I.    E-    S.,   APRIL,    1 923 

Mr.  Samuel  G.  Hibben  was  married  to  Miss  Ruth  H.  Rittenhouse  of 
Montclair,  N.  J.,  on  Saturday  evening,  April  14,  1923.  After  an  auto- 
mobile trip  through  the  South,  they  will  reside  at  8  Bradford  Place, 
Montclair,  N.  J. 


Mr.  C.  M.  Masson  of  Los  Angeles,  California  has  been  spending  the 
winter  in  New  York  City  in  the  study  of  special  illumination  problems, 
at  the  Illumination  Bureau  of  the  Westinghouse  Lamp  Co.  and  at  the 
Electrical  Testing  Laboratories. 


Mr.  A.  S.  Turner  has  been  for  the  past  six  weeks  on  a  trip  through 
Georgia,  Alabama,  Tennessee  and  Texas,  looking  after  special  lighting 
problems  as  well  as  giving  lectures  in  the  principal  cities. 


Mr.  O.  L.  Johnson  was  recently  appointed  Commercial  Engineer  by 
the  King  Manufacturing  Co.,  53  West  Jackson  Blvd.,  Chicago,  111. 


Announcement  of  a  new,  book,  'TFltra-violet  Radiation,"  by  Mr.  M. 
Luckiesh,  Director  of  Applied  Science,  Nela  Research  Laboratories  of 
Cleveland  has  been  recently  made  by  D.  Van  Nostrand  Co.  of  New 
York  City. 


PROFESSIONAL  OPPORTUNITIES 


Illuminating  Engineer:  To  take  charge  of  the  Illuminating  Engi- 
neering Department  and  to  act  as  consultant  in  residence  work  with  a 
large  Eastern  Public  Utility.  Give  age,  education,  experience  and  salary 
expected.  E-i 


ILLUMINATION  INDEX 


Prepared  by  the  Committee  on  Progress. 


An  INDEX  of  references  to  books,  papers,  editorials,  news  and  abstracts  on 
illuminating  engineering  and  allied  subjects.  This  index  is  arranged  alphabetically- 
according  to  the  names  of  the  reference  publications.  The  references  are  then 
given  in  order  of  the  date  of  publication.  Important  references  not  appearing 
herein  should  be  called  to  the  attention  of  the  Illuminating  Engineering  Society, 
29  W.  39th  St.,  New  York,  N.  Y. 


Annalen  der  Physik 

Author 

Date 

Page 

Uber  die  Bestandigkeit  der   Phosphor- 

1923 

eszenzentren,  I — 

Hans  Kuppenheim 

Jan.  31 

81 

II— 

"3 

Central  Station 

The  Street  Lighting  of  Greater  Cleve- 

land— 

A.   E.   Suker 

Feb. 

228 

Lighting    for    Public    Eating    Places — 

J.  L.  Stair 

Feb. 

231 

Chemical   Abstracts 

Application    of    Artificial    Daylight    to 

Laboratory  Purposes — 

S.   H.  Groom 

Feb.    10 

366 

The    Action    of    Light    on    Mesonitro- 

anthracene — 

J.     Battcgay,     Ph. 
Brandt,     and    J. 

Moritz 

Feb.  10 

.^66 

Action  of  the  Arc  Light  on  Aqueous 
Oxalic  Acid  Solutions  in  the  Pres- 
ence of  Ferric,  Chromic  and  Mer- 
curic Chloride ;  of  Uranyl  Acetate 
and  of  Iodic  Acid — 

Comptes   Rendus 

Sur    la    pcrte    dc    lumicrc    a    Paris    ct 

dans  Ics  environs — 
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lodividual   Responsibility   in 

Making  I.  E.  S.    Activities    Beneficial 

T)  ECAUSE  OF  the  fact  that  from  the  very  start  an  unusually 
•■-^  high  standard  has  been  maintained  for  the  material  that  ap- 
pears in  the  Transaction vS,  we  can  proudly  boast  that  the  official 
publication  of  our  Society  forms  the  most  important  and  valu- 
able collection  to  lighting  literature  in  the  world. 

The  bulk  of  the  burden  of  providing  the  necessary  material 
to  maintain  this  high  standard,  falls  upon  a  few  committees,  one 
of  which  is  the  Papers  Committee.  The  Committees,  therefore, 
should  have  the  fullest  co-operation  of  the  entire  membership. 
They  should  receive  from  time  to  time  frank  suggestions ;  ideas 
for  the  improvement  of  the  Transactions  and  for  material  that 
is  to  be  included  in  them. 

One  of  the  big  events  in  our  Society  affairs — one  that  we 
all  look  forward  to — is  the  national  Convention.  The  program 
for  the  1923  annual  meeting  is  rapidly  taking  form  and  in  order 
to  make  this  Convention  program,  "of,  by  and  for  the  member- 
ship," we  want  your  early  suggestions. 

Do  you  know  of  or  have  you  been  making  a  recent  valuable 

investigation?      If    so,   notify    the    Papers    Committee. 

Have  you   heard   of    some    remarkable   development    in    lis^liting 

devices  or  applications?     If  you  have,  send  a  brief  note  concerning 
it  to  the  Committee. 

Can  you  suggest  a  subject  that  combines  a  practical  idea  with 
an  entertainment  feature?     We  need   it   to  round  out  the  program. 

Can  you  suggest  anything  that  you  bilievi-  should  be  investi- 
gated--a  contemj)lated  research,  or  ideas  that  you  think  wtudd  be 
the  basis  for  a  real  contribulidii  to  lighting  literature? 
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The  Committee  has  on  hand  a  Hst  of  possible  subjects  for 
papers  that  have  come  in  from  various  sources.  The  nature 
of  the  subjects  so  far  received,  indicate  that  material  will  be 
available  to  make  the  coming  Convention — from  the  standpoint 
of  the  Papers  program — a  wonderfully  interesting  and  valu- 
able one. 

We  have  a  selection  of  papers  of  a  purely  scientific  nature — 
those  that  will  record  in  minute  detail  some  of  the  most  recent 
technical  phases  of  our  lighting  science. 

A  number  of  excellent  subjects  have  been  received  that  might 
be  designated  as  practical  subjects — discussing  the  correct  appli- 
cations of  good  lighting  principles. 

There  are  some  ideas  for  semi-scientific  discussions,  as  well 
as  a  number  that  might  logically  be  called  "general  interest 
topics."  A  few  of  the  latter  can  easily  take  on  the  nature  of  a 
demonstration  lecture  and  thus  be  made  to  present  valuable  in- 
formation in  a  very  entertaining  way. 

It  is  the  purpose  of  the  General  Papers  Committee  to  provide 
for  the  fall  convention  a  perfectly  balanced  program,  one  that 
will  give  the  proper  consideration  for  both  scientific  and  so- 
called  practical  subjects.  The  program  will  not  be  crowded. 
Ample  time  will  be  reserved  for  discussions — a  most  essential 
part  of  the  program.  The  tentative  program  for  the  fall  conven- 
tion is  rapidly  being  completed. 

Suggestions  from  every  member  of  the  Society  as  to  how  the 
program  can  be  improved  are  urgently  requested.  Ideas  for 
papers  to  be  included  should  be  forwarded  to  the  Committee 
chairman  without  further  delay  if  they  are  to  be  considered. 
Most  every  year  topics  of  value  must  be  omitted  because  they 
have  been  sent  in  too  late. 

J.  Iv.  Stair,  Chairman, 
Committee  on  Papers. 
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Important  Advances  in  Street-Lighting  Equipment 

DREARY  standardization  of  street-lighting  equipment  has 
been  threatened  of  late,  and  therefore  it  is  refreshing  to  find 
that  a  step  forward  is  actually  being  taken,  one  in  a  direction 
already  familiar,  the  automatic  operation  of  sub-stations  com- 
bined with  out-door  apparatus.  The  progress  referred  to  has 
been  achieved  in  Kansas  City  and  is  described  by  A.  E.  Bettis 
in  the  Electrical  World,  February   lo,   1923. 

Time  was  not  many  years  ago  w^hen  the  suggestion  of  placing 
even  switches  and  transformers  out  of  doors  was  regarded  as  a 
dangerous  heresy,  stamping  the  engineer  who  proposed  it  as  a 
harebrained  innovator  who  should  promptly  be  suppressed  lest 
he  break  in  on  the  beautiful  symmetry  of  catalog  equipment. 
But  the  world  moves,  and  as  time  has  gone  on  more  and  more 
apparatus  has  gone  out  of  doors,  sometimes  indeed  more  than 
under  the  local  conditions  might  always  be  desirable.  The  radi- 
cal departure  in  Kansas  City  lies  in  placing  the  constant-current 
transformers  and  their  immediate  equipment  on  the  line  poles  at 
convenient  outlying  points  for  the  supply  of  the  street-lighting 
circuits.  To  feed  and  control  these  a  single  4,0(X>-volt,  three- 
phase,  four-wire  circuit  is  run  out  of  each  of  seven  general  sub- 
stations. The  several  phases  are  distributed  as  2,300-volt  feeders 
in  three  symmetrical  territories  around  each  sub-station.  In  the 
automatic  street-lighting  units  the  line  feeder  is  connected  as 
usual,  but  is  controlled  by  a  time  clock  which  operates  the  master 
controller,  energizes  the  circuit  and  puts  the  equipment  into  oper- 
ation. The  same  time  clock  takes  the  street-lighting  circuits  off 
by  opening  the  control  circuit  and  thus  checking  the  activities 
of  that  particular  feeder.  The  ordinary  constant-current  trans- 
former used  in  this  way  is  rated  at  20  kva.,  smaller  units  being 
employed  in  some  of  the  outlying  districts.  Each  of  these  20-kva. 
installations  is  good  for  about  forty  600-cp.  lamps  or  a  propor- 
tionately greater  number  of  400-cp.  or  smaller  sizes.  As  there 
are  more  than  six  thousand  lamps  in  all,  of  which  more  than 
half  are  of  600-cp.,  the  thorough  subdivision  of  the  transformer 
system  is  self-evident. 
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This  automatic  service  does  two  very  important  things.  It 
eliminates  a  serious  amount  of  equipment  in  the  sub-stations, 
necessarily  well  filled  with  apparatus  for  other  purposes  and, 
what  is  even  more  important,  it  gets  rid  of  the  long  and  trouble- 
some dead  runs  of  wire  on  the  street-lighting  circuits.  Any 
one  who  is  familiar  with  the  complication  of  laying  out  street- 
lighting  circuits  which  have  to  be  operated  from  one  or  a  few 
sub-stations  will  realize  the  value  of  pole  equipment  for  handling 
comparatively  short  circuits  automatically.  In  this  way  one  can 
get  the  maximum  number  of  lamps  per  actual  mile  of  circuit  and 
avoid  contingencies  which  might  put  out  of  action  a  large  portion 
of  the  circuit  at  once. 

The  other  outstanding  feature  of  the  Kansas  City  installation 
is  the  underground  cable  work.  The  city  was  not  provided  with 
the  conduits  adequate  for  the  new  system  even  if  it  had  been 
desired  to  use  them,  and  it  was  desired  to  get  rid  of  overhead 
wires  in  so  far  as  this  was  humanly  possible  in  a  growing  instal- 
lation. The  difficulty  was  met  by  a  special  lead-covered  cable 
laid  over  with  a  triple  jute  covering  impregnated  with  insulating 
compound.  The  chief  purpose  of  the  jute  covering  is  to  check 
danger  from  electrolysis.  The  cables  are  paper-insulated,  carry- 
ing a  single  No.  8  conductor,  and  the  experience  of  a  year  with 
this  cable,  of  which  750,000  feet  are  now  under  ground,  has 
been  entirely  satisfactory.  It  is  laid  directly  in  earth  in  a  narrow 
trench  12  inches  or  14  inches  deep,  and  at  street  intersections 
an  additional  protection  is  installed  in  the  form  of  a  2-inch  fiber 
contact.  Special  lamp  posts  are  used  only  where  there  are  no 
trolley  poles  handy.  Where  these  are  available  a  special  bracket 
carries  the  lamp.  This  arrangement  of  cable  for  the  underground 
supply  of  street  lamps  has  proved  to  be  reasonably  cheap.  The 
cost  of  trenching,  placing  and  filling  is  running  less  than  10  cents 
a  foot  in  clear  ground,  while  the  typical  total  installation  cost  is 
reckoned  at  about  23  cents  per  foot  exclusive  of  street  crossings. 
Very  little  trouble  has  been  had  with  the  underground  system, 
and  experience  indicates  that  no  serious  difficulty  is  to  be  antici- 
pated. 

Of  course,  the  critical  period  for  any  such  installation  is  after 
some  years  of  service,  and  future  results  will  be  watched  with 
interest.     Enough   has  been   done,   however,   to   show   not   only 
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that  a  thoroughly  practical  system  of  automatic  pole  transformers 
for  street-lighting  service  can  be  used  but  that  supply  by  under- 
ground cables  laid  simply  in  the  earth  is  here,  as  it  it  has  been 
proved  in  various  places  abroad,  an  entirely  satisfactory  means 
of  getting  the  wires  out  of  the  way. 

Back  to  Candles 

ELECTRICITY  is  blinding  mankind.  If  modern  man  wishes 
to  preserve  his  eyesight  he  must  take  a  long  step  backward, 
stop  using  electric  lights  and  return  to  the  use  of  candles.  This 
is  the  statement  of  an  English  scientist. 

Fifty  per  cent  of  men,  he  says,  wear  spectacles  to-day,  20  per 
cent  of  women  and  many  children.  The  principal  reason  for 
this  condition,  according  to  the  scientist,  is  that  the  eyes  of  man 
for  many  generations  have  been  accustomed  only  to  the  soft 
light  of  the  open  fire  or  the  candle's  gleam  and  are  not  fitted 
to  withstand  the  brilliancy  of  electric  light. 

There  is  something  to  be  said  for  this  theory.  Long  exposure 
of  the  eyes  to  glaring  light  is  trying  and  undoubtedly  fosters 
visual  troubles.  It  is  true  also  that  because  of  better  lighting 
facilities  people  use  their  eyes  for  more  hours  out  of  the  24 
and  weary  them  proportionately.  On  the  other  hand  the  effort 
to  use  the  eyes  in  a  poor  light,  particularly  for  close  work,  is 
swiftly  productive  of  bad  vision. 

The  solution  hardly  lies  in  a  return  to  candles.  It  lies  rather 
in  a  wise  softening  of  the  electric  glare  and  in  a  more  sane  ob- 
servance of  hours  of  rest  from  both  light  and  eye-strain.  More 
than  all  it  lies  in  a  careful  observance  of  proper  placing  for  all 
lighting  fi.xtures  with  relation  to  the  work  in  hand. — Editorial, 
Ithaca  Journal-Ncivs,  April  4,  1923. 

New  York  City   Has   Novel  Electric  Sign 

AN  electric  sign  of  novel  and  artistic  type  has  been  erected 
along  the  canyon  of  white  lights  on  I'roadwav.  New  "\'ork, 
to  announce  a  pojuilar  nioti()ii-i)icture  entitled  "The  Covered 
Wagon."  'I'he  wagon  and  entire  upper  portion  of  the  sign  are 
lighted  by  ten  5cx)-watt  llood-lamps,  and  on  tlu-  front  of  the 
wagon  is  a  lantern  which  is  an  exact  facsimile  of  the  tvj)e  used  in 
1849.     A   lighting  elTect   which   simulates   water   running   under 
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the  wagon  is  obtained  by  six  stereopticons  automatically  operated 
by  motors  which  turn  a  color  wheel  with  water  painted  on  it. 
Each  lamp  is  a  2,000-watt  nitrogen-filled  unit  specially  made  for 
stereopticon  purposes.  In  the  center  of  the  water  is  a  small 
sign  in  raised  bronze  letters  reading  "Paramount  Pictures." 
These  letters  are  set  in  a  box  flush  with  the  water  and  are  illu- 
minated by  indirect  lighting  which  causes  the  letters  to  stand  out 
as  if  they  were  set  in  the  water. 

Relative  Effectiveness  of  Direct  and  Indirect  Illumination 

NO  SUBJECT  connected  with  illumination  has  been  the  cause 
of  more  controversy  than  the  relative  merits  of  direct  and 
indirect  lighting.  The  quarrel  has  not  been  merely  a  commercial 
one  such  as  might  be  reasonably  expected,  but  a  technical  one 
also,  and  in  that  aspect  there  is  less  reason  for  variations  of 
opinion.  A  number  of  so-called  practical  studies  have  been  made 
dealing  with  the  properties  of  light  falling  directly  on  the  page 
and  falling  upon  it  after  reflection  from  the  walls  and  ceiling, 
and  utterly  diverse  data  have  been  obtained.  The  probable  cause 
of  these  striking  discrepancies  is  the  fact  that  any  investigation 
of  this  sort  tends  to  emphasize  psychological  rather  than  physical 
values,  values  therefore  determinable  only  in  vague  impressions 
of  comfort  and  discomfort,  of  ease  and  difficulty,  of  fatigue  and 
facility. 

In  any  tests  made  upon  the  eye  other  factors  than  the  ordinary 
ones  of  shade  perception  and  acuity  of  necessity  enter.  The 
particular  kind  of  work  attempted,  the  extent  to  which  the  several 
illuminations  are  pushed  above  the  limit  for  moderate  acuity,  the 
contrast  of  the  things  observed  and  the  length  of  time  for  which 
the  observations  may  be  continued,  all  are  things  which  enter 
the  final  judgment  as  to  the  sufficiency  of  the  illumination  re- 
ceived. There  is  added  to  these  causes  of  uncertainty  a  still 
greater  one  in  the  element  of  unconscious  suggestion  in  the 
manner  of  the  test  or  the  instructions  given  for  carrying  it  out. 
It  would  not  be  difficult  to  make  a  given  group  dissatisfied  with 
almost  any  system  of  illumination  without  an  expressed  word 
of  disapprobation.  As  a  matter  of  fact  there  can  be  no  sweep- 
ing decision  between  direct  and  indirect  lighting.  Some  of  the 
worst  and  some  of  the  best  examples  of  illumination  alike  be- 
long to  each. — Editorial,  Electrical  World,  April  28,  1923. 
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ARTISTIC  COLOR  LIGHTING  IN  MOTION 
PICTURE  THEATRES* 


BY  S.  L.  ROTHAFEL** 


SYNOPSIS:  Mr.  Rothafel's  lighting  effects  at  the  Capitol  Theatre  are  the  re- 
sult of  study  of  the  psychology  of  the  audience.  He  has  found  that  the  ideal  light- 
ing arrangement  is  soothing  to  the  mind  and  nerves  and  at  the  same  time  stimulat- 
ing to  the  imagination.  As  illustration  of  his  methods  he  describes  the  way  he 
builds   up  lighting  effects   for   various   units,   or   parts,   of   a   program. 

The  theatre  of  to-morrow,  which  will  be  very  different  from  that  of  to-day,  Mr, 
Rothafel  predicts  will  depend  almost  entirely  upon  lighting  for  scenic  effects,  and 
this  lighting  will  be  controlled  from  one  unit. 

I  am  going  to  make  a  confession  to  you  before  I  start,  and  that 
is,  I  don't  know  anything  at  all  about  lighting,  and  don't  know 
anything  about  color.  It  just  happens — that's  all.  I  am  going 
to  try  to  tell  you  how  it  happens.  If  I  were  to  attempt  a  dis- 
course on  the  technical  part  of  what  we  are  doing,  (I  will  use 
the  personal  pronoun)  I  am  doing,  I  am  afraid  I  would  get  into 
deep  water. 

The  lighting,  the  equipment,  and  the  various  things  that  we 
have  done,  came  to  me  just  as  naturally  as  the  music  has  come, 
and  before  I  launch  into  the  lighting,  and  the  way  we  use  it, 
I  think  it  only  fair  to  talk  a  little  bit  about  the  why  and  the 
wherefore  of  it. 

What  we  are  doing  in  lighting  is  a  practical  application  of 
the  psychological.  We  have  studied  the  audience,  or  the  people 
with  whom  we  are  doing  business  and  whom  we  desire  to  enter- 
tain. We  are  merely  applying  that  which  we  have  found  through 
hard  work  and  study. 

We  are  a  peculiar  nation.  We  are  living  very,  very  rai)i(lly. 
We  are  a  nation  with  a  perpetual  sandwich  in  our  hand.  In  other 
words,  we  are  a  cafeteria  nation.  We  live  raj^idlv.  We  never 
quite  get  set.     We  can't  do  as  tluy  do  across  the   water.     We 

•.•\  paper  prrsmfrd  biforc  the  New  York  Section  of  the  I  llununatiinj  I'nfri- 
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41.^ 


414  TRANSACTIONS   I.   E.    S.,    MAY,    I923 

don't  have  two  and  a  half  or  three  hours  for  our  dinner,  and 
hour  luncheons,  and  we  don't  stop  in  the  afternoon  to  have  tea. 
We  are  going  all  the  time. 

And  what  we  have  done,  as  culminated  in  the  Capitol  Theatre, 
is  this :  we  have  taken  you  and  them  out  of  this  tremendous 
turmoil,  we  take  you  in  our  arms  as  it  were,  by  the  service  which 
places  you  in  a  seat  as  quickly  as  we  possibly  can.  Then  we  take 
your  tired  and  frazzled  nerves,  and  we  try  to  calm  them  and 
bring  them  down  to  their  normal  level.  We  entertain  you,  and 
there  isn't  any  factor  more  conductive  to  getting  that  result  than 
the  lighting. 

We  have  in  the  Capitol  a  rather  unique  system  of  lighting. 
As  I  told  you  before,  I  know  nothing  of  lighting,  as  you  know  it, 
and  as  the  artist  knows  it,  but  what  we  have  done  is  this : 

We  have  organized  an  equipment — probably  the  finest  light- 
ing equipment  in  the  world.  We  have  so  organized,  amplified, 
and  intensified  it  that  we  are  able  to  use  this  phrase, — "We  paint 
with  light."  Whatever  we  do  is  not  mysterious.  It  isn't  intri- 
cate. There  is  nothing  that  we  do  that  no  one  else  can  not  do. 
We  use  the  same  gelatin  that  you  all  use ;  only  four  colors.  There 
is  red, — the  different  grades  of  it.  There  is  blue.  There  is 
amber  and  there  is  green.  We  very  rarely  ever  use  what  is 
known  as  white  light,  that  is,  a  naked  light. 

Now  comes  the  rehearsal.  My  art  director  has  conferred 
with  me  early  in  the  week  and  we  have  arranged  a  certain  number 
of  units.  For  instance,  this  week  we  are  doing  a  little  scarf 
dance.  We  haven't  any  scenery,  except  one  little  bit  of  fabric, 
a  drop  which  is  painted  in  relief,  as  it  were,  with  a  suggestion 
of  an  arch,  the  shadow  and  a  pool,  and  the  rest  is  simply  neu- 
tral. That's  all  the  scenery  we!  have  in  the 'entire  bill  this  week. 
We  don't  believe  in  scenery.  We  create  and  paint  our  scenes 
with  light. 

Now  it  is  our  business  to  create  a  mood  and  to  interpret  the 
scarf-dancer.     I  am  going  to  show  you  how  we  do  it. 

We  start  from  the  very  back  wall,  which  is  a  unit, — the  back 
unit, — which  you  call  psychic,  those  of  you  who  are  acquainted 
wnth  that.  We  start  there,  taking  our  pattern  from  nature.  We 
have  a  unit  which  is  called  Number  eleven.  I  call  for  Number 
eleven   in  blue.     I  use   a  certain  number  of   blue.     The  bovs 
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through  a  course  of  training  know  exactly  what  I  want,  and  I 
get  it  on  my  dimmer  plate.  It  comes  up  slowly  to  where  I  want 
it,  and  then  I  say,  "That's  good."  Then  I  work  from  Number 
twelve,  which  is  a  unit  above  it.  I  pour  in  a  little  green,  and 
then  from  my  side  lamps  and  my  strips,  or  whatever  unit  I 
want  to  use,  I  may  pour  in  a  little  amplification,  or  a  little  rein- 
forcement, in  order  to  get  that  dim  slightly  hazy  effect  that  I 
want,  which  is  obtained  by  throwing  light  upon  light,  or  by  cross- 
ing rays  and  a  certain  amount  of  diffusion. 

Now  this  is  all  done  in  the  rear  of  this  fabric  ground — and 
from  an  ordinary  nondescript  piece  of  tapestry  begins  to  loom 
up  the  shadow  of  the  outline  of  the  composition. 

Then  in  front  I  begin  to  use  diffusing  light.  On  top  of  that,  for 
instance,  I  may  begin  to  sneak  in  a  little  bit  of  red  and  imagine 
that  I  am  seeking  the  fringe  of  the  setting  sun  behind  me.  just 
about  to  go  down.  That  gives  me  red  and  yellow.  I  let  my 
imagination  play  and  begin  to  color  the  front  of  that  drop  to 
any  proportion  that  I  want.  Then,  to  create  a  more  realistic 
effect,  I  take  a  stereopticon  and  place  it  off  and  throw  in  a  ray 
directly  across  just  to  give  that  little  pool  a  little  rippling, — 
enough  to  suggest  that  it  is  water — not  obvious,  not  blatant,  not 
cheap,  but  just  enough  so  that  it  begins,  to  simmer.  Then  in 
front  of  the  whole  thing  we  simply  throw  a  couple  of  long  pieces 
of  chiffon  that  go  into  the  wings  or  into  the  fly.  There  we  have 
our  background.     Now  that's  for  the  small  proscenium. 

I  have  spoken  to  you  about  subtle  effects,  about  appealing  to 
the  imagination.  That  is  the  true  charm  of  all  entertainment, 
appealing  to  your  imagination — to  make  your  imagination  play. 
As  you  sit  and  watcli  motion  ])ictures  in  your  sul)C(Miscious  self 
you  are  sui)plying  the  color.  You  are  supplying  the  words,  the 
music,  the  sounds.  You  feci  the  emotions,  according  to  your 
respective  capacities. 

The  future  of  this  kind  of  work  will  be  in  that  one  thini^. 
to  suggest  so  subtly — just  to  give  you  an  outline  and  let  vou 
sufij)ly  the  balance.     That  is  what  we  doing  at  the  Capitol. 

In  the  theatre  f)f  the  future,  the  lighting  is  going  \n  pla\-  a  \ery 
inipoit.'int  part.  You  are  not  gf)ing  to  see  a  single  light.  'N'ou 
will   be   tran>iK)rted    from   one   mood    to   another   simply    by   the 
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change  and  combination  of  color  and  lighting.  There  will'  be 
no  decorative  work  or  plastered  ornamentation  in  this  theatre. 
The  building  is  going  to  be  shaped  somewhat  like  an  egg,  just 
a  plain,  neutral  ceiling  side.  There  isn't  going  to  be  any  balcony 
— just  a  big  group  of  chairs,  and  all  around  there  will  be  light. 
There  will  be  a  wainscoting  and  certain  units  throughout  the 
house  are  going  to  project  rays  to  portions  of  that  surface  and 
they  are  going  to  be  reflected  again  to  you  so  that  there  will  be 
an  ideal  form  of  lighting. 

The  stage  equipment  will  be  an  absolute  revolution  in  stage 
lighting.  The  advancement  of  the  incandescent  lamp,  the  ad- 
vencement  of  projecting  with  the  aid  of  reflectors,  the  advance- 
ment of  the  automatic  machinery  to  control  this,  will  absolutely 
revolutionize  lighting  as  we  know  it  to-day. 

The  old-fashioned  border  lights  and  the  old-tashioned  foot- 
lights will  be  gone.  They  will  be  superseded  by  tubular  units, 
in  which  there  will  be  a  revolving  cylinder,  or  two  or  three  re- 
volving cylinders,  controlled  by  automatic  machinery,  and  these 
cylinders  will  be  composed  of  a  very  fine,  highly  sensitized  prism 
— very  luminous.  This  prism  will  pass  over  the  object  and  will 
then  be  diffused  down  so  that  we  will  be  able  to  control  with 
one  unit  of  lamps  almost  any  shade  or  any  combination  of 
colors  that  we  could  possibly  wish  for. 

Gelatin  is  a  thing  of  the  past.  We  are  going  to  create  and 
make  our  own  colors,  and  we  need  them.  Toward  that  end 
we  are  now  experimenting  with  certain  fluids  mixed  with  liquid, 
which  we  pour  into  a  receptacle  and  which  we  can  color  instantly 
to  any  grade  of  red,  blue  or  pink.  We  can  bring  it  down  to 
absolutely  pitch  black  and  then  take  it  away  again  to  the  most 
delicate  hues  of  blue,  and  then  plain — almost  water-like.  We 
get  a  little  milky  effect,  a  frost,  that  is  perfectly  delightful. 

Now  what  I  think  we  need  in  the  near  future  more  than  any- 
thing else  is  better  equipment  to  get  better  control.  That  is  the 
thing  that  is  essential  in  lighting.  The  rest  is  creative — the 
making  of  something  that  you  can  pour  out  to  those  to  whom 
you  wish  to  pour  it,  by  light,  and  that  is  what  we  are  trying  to 
do  at  the  Capitol — impressionistic  lighting.  We  are  not  trying 
to  do  anything  different.  We  don't  intend  to  blaze  any  new 
paths.     We  are  simply  trying  to  express  ourselves  in  light,  in 
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color,  to  enhance,  as  it  were,  or  to  bring  forth  to  you  the  mood 
that  we  are  working  on. 

I  spoke  about  the  novelty  effects.  One  novelty  effect  that  we 
did  last  year  that  comes  to  me  very  readily  was  probably  the 
greatest  novelty  that  I  did  last  year,  an  effect  called,  "The  Song 
of  India."  It  was  an  interpretation  of  Rimsky-Korsakoff's 
"Chanson  Indoue."  I  interpreted  it  in  the  following  way.  I  have 
been  to  India,  and  I  pictured,  as  I  saw  it  there,  one  of  the  little 
quays  right  outside  of  Calcutta,  with  a  little  knoll,  and  a  little, 
drooping  palm.  I  saw  the  rocky  coast  and  I  saw  this  young 
Indian  prince  standing  there  gazing  out  on  to  the  waters.  The 
waves  were  breaking  over  the  rocks,  and  I  saw  these  little  sea- 
nymphs  come  out  of  the  water  and  call  mysteriously,  calling 
him  until  he  went,  he  knew  not  where,  but  he  went.  He  went 
into  the  water  and  disappeared.  Now  here  is  how  we  accom- 
plished that. 

We  used  a  plain  white  drop  as  our  sky.  We  colored  it  a  little 
blue,  just  so  that  it  made  a  horizon.  Then  we  gave  it  a  little 
tinge  of  lighter  blue.  Then  we  crossed  over  a  very  fine  ray  of 
frost,  just  enough  to  create  a  sort  of  a  fog,  rather  a  mist.  Then 
we  put  a  roll  in  front  and  we  covered  this  roll  with  a  little  bit 
of  cheese-cloth,  just  so  as  to  give  me  a  surface  to  project  on. 
Then  I  got  a  sea  scene  from  a  moving  picture  film,  made  a  loop 
and  put  it  in  the  machine  in  a  way  so  that  the  same  scene  would 
keep  coming  around  and  around  and  you  wouldn't  see  any  flash 
of  different  scenes  as  you  so  often  do  in  moving  pictures.  We 
didn't  have  time  to  take  six  or  seven  minutes  of  the  surf  break- 
ing over,  so  we  used  this  little  loop  in  the  machine  and  continued 
it  around,  projecting  it  right  on  top  of  that  scene,  matching  off, 
if  you  please,  the  very  edges  of  the  scene  itself.  Then  we  cut 
the  sky  and  matched  that  off,  so  that  we  projected  it  with  a 
very  high-powered  lamp  and  a  long  focused  lens  in  order  to 
get  all  the  intensity  j)ossil)le.  Then  we  projected  it  on  this  little 
bit  of  cheese-cloth,  this  sort  of  hedge,  and  there  we  had  surf 
breaking  over  the  rocks  all  the  time  you  saw  it,  and  from  behind 
this  little  hedge,  girls  simply  danced  and  they  danced  as  thout^li 
they  were  in  the  water.  They  went  up  and  down  and  the  surf 
kei)t  breaking  all  the  time,  and  the  effect  was  quite  an  illusion. 
Probably  some  of  you  saw  it.     And  you  see  it  wasn't  so  dinieult 
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at  all.  Simply  an  idea  which  we  were  able  to  put  across,  because 
we  had  worked  hard  and  studied  our  projection  and  knew  the 
possibilities,  and  we  weren't  afraid  to  try. 

I  want  to  tell  you  that  if  I  could  paint  to  you  what  I  see  in 
the  future  of  this  work  you  would  think  I  was  a  raving  maniac. 
I  stop  painting  pictures  of  the  future,  because  I  fear  they  will 
put  me  away  some  day  and  I  don't  want  to  be  put  away  yet. 
And  I  see  it  just  as  clearly  as  I  saw  the  Capitol  fifteen  years  ago. 

You  are  going  to  see  pictures  projected  into  space.  You  are 
going  to  see  lighting  effects  that  will  take  the  breath  right  out 
of  your  body.  You  are  going  to  be  awed.  You  are  going  to 
"ah"  yourself  into  a  state  of  non-resistance.  You  are  going  to 
see  orchestras  of  one  hundred  and  fifty  or  two  hundred  and 
fifty  men,  and  a  new  instrumentation  of  an  entirely  different 
form.  You  are  going  to  see  productions  where  there  isn't  going 
to  be  any  stage  at  all,  just  a  big  sweep.  You  are  going  to  see 
the  scene  which  is  to  be  portrayed  brought  out  into  the  theatre 
itself  and  you  are  going  to  sit  right  in  the  middle  of  it,  and  you 
are  going  to  be  part  of  that  performance,  just  as  we  are  tryino: 
to  make  you  a  part  of  our  performance  to-day.  We  don't  tell 
this  to  a  great  many  people,  but  I  am  telling  you.  You  come  into 
the  Capitol  Theatre  and  are  just  as  much  a  part  of  our  enter- 
tainment as  the  actor  performing.  That's  the  psychology  of  it. 
I  make  you  play  with  us,  and  when  I  can  do  that — that's  all  I 
want. 

I  made  a  prophecy  in  Boston  that  the  lighting  of  the  theatre 
of  to-morrow  would  be  controlled  from  one  unit,  the  same  as 
the  piano.  I  don't  mean  by  that  that  they  are  going  to  strike 
notes — the  thing  that  they  did  in  Paris,  where  every  note  meant 
a  light — that  is  a  lot  of  bunk,  but  I  do  believe  in  mood,  I  believe 
profoundly  in  that.  How  many  times  have  you  witnessed  the 
finale  of  a  big  selection — they  bring  up  a  light  and  the  combina- 
tion of  eye  and  ear  is  much  greater.  If  you  could  see  that  same 
climax  without  the  lights  coming  up  and  giving  it  the  general 
boost,  if  you  could  see  it  alone  and  flat,  why  you  would  be 
amazed  at  the  difference. 

DISCUSSION 
The  papers  by  Messrs.  Rothafel  and  Hartmann  were  discussed 
together.    See  page  426. 


LIGHTING  EFFECTS  ON  THE  STAGE* 


BY  LOUIS  HARTMANN** 


SYNOPSIS:  The  author  speaks  of  the  value  of  lighting  in  the  theatre  and  of 
the  lack  of  uniform  outfits  in  different  theatres  necessitating  a  complete  electrical 
equipment  for  every  play.  He  describes  his  method  of  lighting  interior  and  exterior 
scenes  of  dramatic  productions,  calling  attention  to  the  difficulties  encountered,  such 
as  the  impossibility  of  obtaining  pure  color  effects  and  the  danger  of  over-illumination. 

He    uses    reflex    glass    as    a    medium    for    softening    light,    on    both    reflectors    and 

lenses.     In   some   cases  foot   lights  are   dispensed   with   and  overhead   lighting  alone   is 
used. 

The    most    desirable    stage    lighting   is    simple    in    construction    and    not    radical    in 

effect.      The  possibilities   in    the   lighting   of   the    drama   are   unlimited   when   combined 

with   intelligence  and   imagination. 

We  all  know  that  there  are  numerous  possibilities  in  the  field 
of  lighting;  but  I  am  going  to  say  a  few  words  about  the  part  of 
it  that  I  know  best,  and  love  best, —  the  hghting  of  the  drama. 

My  real  experience  began  with  David  Belasco  about  twenty- 
two  years  ago ;  although  I  had  been  employed  in  theatres  years 
previous  to  this  time,  it  was  not  until  I  came  to  work  for  David 
Belasco  that  I  awoke  to  the  realization  of  what  light  means  to  the 
stage,  how  valuable  it  is,  and  how  much  it  assists  the  drama. 
Volumes  could  be  written  on  this  subject,  but  they  would  only 
serve  as  the  expression  of  an  idea ;  as  text  books  they  would 
contain  very  little  of  value. 

When  we  speak  of  light  in  the  commercial  field,  it  is  generally 
treated  as  a  slide  rule  proposition;  it  resolves  itself  into  a  thing 
of  mathematics — of  course  there  are  some  exceptions  to  this,  but 
I  mean  in  general.  There  are  several  well  known  systems  which 
have  proved  successful,  their  application  being  a  ])r()duct  of  well 
w<:)rked  out  formulae.  In  theatre  lighting  we  have  no  formula; 
it  is  replaced  by  a  truism  that  can  be  expressed  in  one  sentence : 
"Love  your  work."  This  seems  easy  enough  as  there  is  a  certain 
fascination  about  it ;  but  with  a  great  many  new  comers  the  strain 
of  long  rehearsals  and  lack  of  sleep  (lami)ens  the  enthusiasm  they 
felt  at  first. 

•A  paper  proftcntcd  Ik  forr  the  N<  w  York  Stition  of  the  llIutnin.itiiiK  Kngi- 
nocrinjc  Society,  January    ii,    ntJj^. 

••r,ij{hliiiK    I\i)Kiiirrr,    The    David    Hrlasco    Pruilui  tions,    Niw    York    City. 

The  lllnniiii.itinK  KntcitHTrinR  Society  is  not  rt  sponsiMc  for  the  .vtatrmrnf-"  or 
o|i>nions   advancrd   by  rontributom. 
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Stage  lighting  cannot  be  treated  as  a  subject  by  itself;  it  is 
but  a  component  part  of  a  structure  and  of  itself  has  no  value. 
But  if  the  play  and  its  accessories  are  well  conceived,  proper 
lighting  is  a  matter  of  great  importance  as  it  practically  creates 
the  atmosphere  for  the  scenes.  To  obtain  the  best  results,  the 
lights  require  intelligent  handling  and  good  electrical  equipment. 
It  is  very  essential  to  have  smoothly  working  dimmers,  and  a 
sufficient  number  of  them,  so  each  lamp  or  unit  of  lamps  may 
be  controlled  separately.  This  is  the  only  way  by  which  the 
proper  balance  of  light  can  be  maintained;  without  this  balance, 
the  lighting  looks  just  what  it  is,  a  number  of  separate  units 
throwing  blotches  of  light,  creating  bad  shadows  and  sharp  con- 
trasts. If  the  proper  equipment  is  not  available,  it  is  better  to  light 
a  scene  with  the  foots  and  borders  than  to  try  to  use  parapher- 
nalia which  cannot  be  fully  controlled.  The  lights  when  badly 
handled  only  tend  to  draw  the  attention  of  the  audience  and  de- 
tract from  the  effect  the  player  is  trying  to  create.  Everything 
on  the  stage  can  be  done  in  so  many  different  ways ;  and  it  is  far 
better  to  do  it  in  a  simple  manner  than  to  spoil  it  by  an  elaborate 
attempt  which  cannot  be  carried  out. 

i  have  found  it  necessary  to  have  a  full  electrical  equipment 
for  every  play,  as  there  is  no  uniformity  of  outfit  in  theatres. 
Even  when  all  the  equipment  is  carried,  the  effect  is  not  always 
the  same  when  a  play  is  moved  to  another  theatre.  The  change  is 
generally  caused  by  the  foot  lights.  They  are  very  necessary  and 
essential  when  properly  installed,  but  in  most  instances  they  are 
badly  planned ;  some  are  not  hooded  at  all,  while  others  have  one 
row  under  the  hood  (generally  the  colors),  and  the  white  row  is 
either  half  way  under  the  hood  or  entirely  outside  of  it. 

For  dramatic  productions  no  light  from  the  foots  should  strike 
the  proscenium — much  less  illuminate  the  proscenium ;  and  when 
properly  installed,  the  audience  should  not  be  aware  of  their  ex- 
istence. The  light  from  the  foots  should  be  so  directed  that  it 
does  not  strike  the  ceiling  of  the  setting.  For  this  purpose  I 
have  found  reflectors  very  efficient.  There  are  several  types 
which  serve  this  purpose,  and  by  painting  parts  of  the  reflector 
black  I  have  been  able  to  place  the  light  about  where  I  wanted 
it.    In  most  instances  I  have  found  the  small  round  bulb  25-watt 
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lamp  to  give  sufficient  light  for  the  foots  when  used  in  a  scoopette 
reflector. 

For  a  ceiling  strip,  I  use  the  same  reflector  and  lamp,  fixed 
in  a  special  strip.  This  may  be  tilted  at  any  angle,  takes  up  very 
little  room,  and  does  not  throw  the  light  on  the  ceiling.  The 
ceiling  gets  all  the  illumination  it  requires  from  natural  reflection. 
All  scenes  to  be  effective  require  light  and  shade.  By  using 
merely  foots  and  ceiling  strip,  the  scenes  are  flat,  there  being  no 
contrast.  Baby  lenses  have  made  it  possible  to  get  this  contrast 
in  interiors.  This  form  of  lighting  was  worked  out  in  the 
Belasco  Theatre  and  used  for  the  first  time  in  Mr.  Warfield's 
play  "The  Music  Master."  One  of  the  scenes  where  this  was 
especially  effective  was  where  Von  Barwig  holds  up  the  lighted 
lamp  to  see  Helen's  face.  I'll  never  forget  the  many  times  Mr. 
Warfield  lifted  up  that  lamp  during  rehearsals  while  we  struggled 
to  bring  up  the  babies  at  the  right  time. 

For  these  baby  lenses  I  found  a  concentrated  filament  lamp 
put  on  the  market  for  use  in  small  stereopticons  for  the  home. 
It  was  rated  at  50  candlepower.  I  built  a  housing  for  it,  fitted  it 
with  a  5-inch  X  9-inch  focus  lens,  and  to  control  it  I  used  a 
small  dimmer  having  fourteen  steps.  We  called  it  a  baby  lens, 
and  this  name  has  stuck  to  it.  There  are  thousands  of  them  in 
use  to-day.  Of  course  their  candlepower  has  been  increased. 
We  have  them  in  hoods  of  different  shapes  using  from  a  13^-inch 
lens  to  a  5-inch  lens  and  ranging  from  50  watts  to  1,000  watts. 
We  set  them  behind  the  drapery  and  up  and  down  the  sides  of  the 
scene  on  special  frames  and  brackets,  each  one  controlled  by  a 
separate  dimmer  operated  by  men  who  are  trained  for  weeks 
in  handling  them.  On  the  front  of  the  balcony  we  have  reflectors 
in  special  housings,  also  on  separate  dimmers.  In  this  way  wc 
get  the  light  from  all  angles,  and  when  it  is  balanced  by  proper 
dimmer  regulation,  almost  any  effect  may  be  obtained  with  this 
outfit. 

I  have  found  reflex  glass  a  very  effective  medium  for  softening 
the  li,L:lit.  I  use  it  on  l)oth  reflectors  and  lenses.  It  is  superior  to 
frosted  gelatin  for  tliis  purf)()se.  Mr.  Belasco  managed  to  get 
some  very  i'lnv  results  with  the  old  arc  lenses.  We  used  to 
soften  the  Hght  with  a  slide  having  graduated  thicknesses  of 
mica,  each  piece  cut  V-sha[)e  with  the  edges  tapered.     Still  the 
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lamps  were  cumbersome  and  could  not  be  placed  to  the  best 
advantage. 

When  the  tungsten  lamp  was  put  on  the  market  Mr.  Belasco 
told  me  to  keep  after  the  lamp  manufacturers  to  get  something 
that  would  prove  more  effective  for  our  purpose.  The  Ameri- 
can Lamp  Company  turned  out  two  lamps  for  us  which  were 
very  valuable  at  the  time.  One  was  a  6-volt  concentrated  fila- 
ment lamp  with  two  filaments.  The  other  was  a  6o-volt  lamp 
in  a  G.  40  bulb  rated  at  200  candlepower.  I  placed  four  of  these 
in  a  bunch  light;  they  looked  like  the  sun — in  those  days.  The 
light  had  an  excellent  quality  and  the  diffusion  was  good,  the 
filament  being  long ;  in  fact,  the  light  was  superior  to  the  modern 
I, OCX)- watt  lamp  so  far  as  diffusion  is  concerned.  In  those  days 
the  Ward  Leonard  Company  made  hundreds  of  special  rheostats 
for  us.  All  this  entailed  a  greater  cost  than  if  we  had  used  stock 
materials,  especially  in  the  lamps,  as  we  had  to  carry  a  large 
supply  or  wait  three  to  four  weeks  for  them,  which  was  out  of 
the  question.    In  the  theatre  you  need  things  quickly. 

In  some  of  Mr.  Belasco's  plays  we  discarded  the  foot  lights 
entirely.  ''Peter  Grimm"  was  lighted  from  over-head  by  strips 
and  babies.  Nine  men  were  rehearsed  for  two  weeks  and  then 
it  took  six  weeks  on  the  road  before  the  lighting  was  finally 
perfected.  "Marie  Odile"  also  was  lighted  without  foots.  The 
scene  of  this  play  was  laid  in  a  convent.  The  effect  of  the  light 
was  as  though  it  came  th^-ough  a  large  Gothic  opening  over  the 
door.    Foots  would  have  ruined  the  atmosphere  of  this  scene. 

Whatever  Mr.  Belasco  has  tried  in  this  line  has  been  for  the 
purpose  of  obtaining  atmosphere  for  the  play.  Nothing  is  done 
in  haphazard  fashion ;  everything  is  the  outcome  of  a  precon- 
ceived plan.  The  original  idea  is  worked  on  and  experimented 
with  until  the  best  result  has  been  obtained.  The  results  are  not 
always  satisfactory  to  him,  but  if  they  do  not  come  up  to  his  ex- 
pectations, it  is  the  fault  of  a  condition  that  cannot  be  remedied. 
You  cannot  always  have  perfection  in  all  things  on  the  stage,  as 
there  are  numerous  obstacles  which  present  themselves.  In  plan- 
ning a  production  the  first  details  are  worked  out  from  the  models, 
which  are  made  to  a  scale  of  one-half  inch  to  the  foot.  The 
artist  tries  to  make  his  scenes  as  effective  as  possible,  and  where 
there  are  several  of  these  scenes  in  a  production,  the  working 
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room  on  the  stage  is  very  cramped.  This  is  one  of  the  reasons 
why  the  Hghts  can  not  always  be  placed  where  they  will  give  the 
best  effect.  The  only  thing  to  do  in  a  case  of  this  kind  is  to 
take  the  available  space  and  experiment  until  you  have  obtained 
the  best  results  you  can  get  under  the  prevailing  conditions,  I 
have  seen  Mr.  Belasco  cut  out  an  entire  scene  and  re-arrange  the 
play  when  the  conditions  for  lighting  proved  too  unsatisfactory^ 
Scenery  is  nothing  but  canvas  and  paint  and  appears  as  such 
when  badly  lighted.  The  reason  we  spend  so  much  time  with 
the  scenery  and  the  lights  is  that  we  realize  their  imperfections, 
regarding  them  as  necessary  evils.  When  they  become  so  ob- 
trusive as  to  detract  from  the  play,  we  eliminate  them. 

The  tendency  to-day  is  to  use  too  much  light.  The  high  wattage 
lamp  has  brought  about  this  condition.  I  can  remember  when  gas 
was  the  means  of  illumination  in  theatres,  and  the  effect  of  gas 
light  on  the  scenery  as  a  whole  was  better  and  softer.  It  was  im- 
possible to  over-illuminate  a  scene  in  those  days.  The  contrasts 
were  worked  out  in  the  painting.  To-day  we  depend  upon  the 
light  to  accomplish  this.  In  illuminating  a  stage  in  a  large 
theatre  it  is  not  good  to  bring  up  the  foot-lights  so  high  that  the 
expression  on  the  player's  face  may  be  seen  from  the  last  row, 
a  feat  you  could  not  accomplish  by  day-light.  It  is  a  mistaken 
idea  to  think  that  an  actor's  face  must  always  be  in  a  bright  light. 
It  all  depends  upon  what  he  is  doing.  To  work  in  semi-light  is 
an  aid  to  the  actor  at  times. 

Another  difficulty  experienced  to-day  lies  in  the  color  values. 
It  is  almost  impossible  to  obtain  pure  color,  either  in  the  pigments 
used  on  the  scenery  or  in  the  gelatines  used  on  the  lamps.  The 
colors  used  on  the  scenery  are  dull  and  lifeless.  When  a  color 
should  be  vibrant,  it  is  instead  flat  and  dirty  looking.  This  is 
caused  to  some  extent  by  the  fire-proofing  solution,  which  C(mi- 
tains  ammonia,  an  alkali  that  is  ruinous  to  certain  colors.  Co- 
balt blue,  an  excellent  medium  for  a  sky,  looks  like  a  dirtv  white 
wash  after  it  has  been  fire-proofed.  In  some  instances  the 
fabric  is  fire-proofed  before  the  paint  is  applied  but  the  result 
is  about  the  same.  The  anilines  used  in  the  i^elatine  mediums 
also  are  poor,  and  it  is  impossible  to  obtain  a  blue  without  a 
pur])le  or  green  tinge.  This  is  often  the  reason  why  the  color 
values  are  unsatisfactory.     We  have  to  take  the  best  we  can  get 
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and  make  the  most  of  it.  I  have  tried  to  procure  glass  to  take 
the  place  of  gelatines,  but  could  not  find  sufficient  uniformity, 
especially  in  the  blue.  The  light  blue  was  effective,  but  the  dark 
blue  varied  in  shade  even  when  all  the  pieces  were  cut  from  the 
same  sheet.  Colored  glass  is  blown  in  large  sheets  and  varies  in 
thickness,  which  causes  this  difference. 

For  the  lighting  of  exteriors  I  have  found  reflectors  of  twelve 
inches  and  over  of  great  value  when  fitted  with  proper  spill- 
rings  ;  but  they  are  harder  to  handle  in  some  cases  than  lenses, 
the  light  leaving  the  reflector  with  such  a  wide  spread  that  it  is 
difficult  at  times  to  kill  reflections.  In  some  cases  I  have  made  the 
spill-rings  very  long,  at  other  times  I  have  put  long  flippers  on 
the  side  which  could  be  closed  in.  The  conditions  vary  as  to 
space  so  that  one  must  continually  experiment.  Generally  they 
can  be  overcome  in  one  way  or  another.  To  light  a  scene  where 
the  lights  remain  stationary  during  an  entire  act  is  simple,  when 
compared  with  an  act  that  has  several  changes  of  light. 

One  of  the  most  difficult  changes  is  to  reduce  gradually  the 
illumination  of  an  interior  scene  in  a  manner  to  simulate  the 
setting  of  the  sun  and  the  approach  of  twilight.  To  keep  these 
graduations  perfect  requires  a  great  deal  of  time  and  patience. 
The  lights  inside  and  out  must  be  on  certain  steps  of  the  dimmers 
at  a  certain  time ;  and  to  get  the  same  tempo  they  must  always  be 
on  a  given  point  when  a  particular  line  of  the  dialogue  is  spoken. 
This  change  would  be  easy  if  the  man  operating  it  could  see  it, 
but  the  set  is  boxed  in  and  he  is  working  on  the  side  where  he 
does  not  see.  By  putting  the  switch-board  under  the  stage  with 
a  hood  in  the  apron,  the  man  can  look  through — but  this  has 
proved  unsatisfactory  for  a  number  of  reasons.  It  was  tried  in 
the  Century  and  abandoned.  The  Metropolitan  Opera  House  still 
has  this  system,  but  the  same  men  are  operating  it  to-day  who 
operated  it  when  it  was  first  installed. 

Imagination  is  the  theory  of  the  theatre.  People  do  not  come 
to  the  theatre  to  see  reality.  On  the  stage  you  must  exaggerate 
to  be  convincing.  The  public  comes  to  the  theatre  to  be  fooled, 
but  there  is  a  vast  difference  between  fooling  an  audience  and 
insulting  its  intelligence.  Use  your  imagination,  but  be  logical. 
In  other  words  you  must  make  the  audience  see  things  as  you 
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want  them  to  see  them,  and  if  your  imagination  is  great  enough 
you  can  convey  any  mood  and  make  them  feel  it.  Radical  de- 
partures seldom  succeed  in  the  theatre,  as  the  audience  does  not 
want  to  do  any  guessing.  If  the  things  you  are  doing  appear 
false,  you  lose  the  attention  of  your  public.  A  clever  stage 
director  guards  against  this.  If  the  dialogue  drags  he  brings  in 
something  to  divert  unconsciously  their  attention ;  a  shift  of  light 
may  change  the  entire  mood,  creating  a  mental  change, — in  short 
a  play  on  the  senses.  You  have  watched  a  good  magician.  He 
has  everything  timed,  nothing  is  left  to  chance.  He  draws  your 
attention  to  something,  but  all  the  time  he  is  talking.  After  you 
leave  the  theatre  you  don't  remember  what  he  said,  but  you  re- 
member his  tricks.  Still,  in  most  instances,  it  was  the  talking  that 
made  the  trick  possible.  In  drama  the  process  is  the  same — ex- 
cept that  it  is  reversed.  You  remember  the  play  but  forget  the 
trick.  Big  mechanical  devices  are  generally  easy  to  construct  and 
the  effects  they  create  are  valuable.  It  is  the  little  fine  touches 
that  are  really  difficult,  and  in  the  end  make  the  greatest  im- 
pression, although  you  are  not  aware  of  it. 

I  could  take  up  your  time  by  describing  to  you  in  detail  the 
different  forms  of  apparatus  now  in  use  in  the  theatre,  but  you 
are  familiar  with  lenses  and  parabolic  mirrors.  The  housings 
for  them  depend  upon  the  size  of  the  lamp  you  wish  to  use,  to 
give  them  proper  ventilation  without  having  leaks  of  light,  and 
to  make  them  as  compact  as  possible.  The  shapes  may  vary  to 
suit  different  conditions.  But  it  is  the  intelligence  you  display 
in  handling  them  that  really  counts — something  that  can  come 
to  you  only  through  experience. 

Good  apparatus  should  be  simple,  the  simpler  the  better.  The 
easier  it  is  to  handle  the  less  time  is  consumed  in  getting  results, — 
a  great  factor  during  rehearsals  when  time  means  so  much.  In 
big  productions,  scene  and  light  rehearsals  take  an  entire  week, 
sometimes  longer,  the  men  working  night  and  day.  Even  where 
the  expense  is  of  no  consideration,  the  players  become  nervous 
through  waiting,  so  anything  that  will  save  time  is  of  the  utmost 
importance. 

In  placing  the  lighting  equipment,  it  is  well  to  have  enough  ap- 
paratus to  l)e  able  to  put  it  in  every  conceivable  place  where  a 
light  could  i)Ossibly  be  used, — having  it  wired  and  eonmuted  to 
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the  switch-board.     If  it  is  not  used  it  can  be  taken  down,  biit  if 
used  the  time  saved  is  valuable. 

As  I  have  said,  there  are  untold  possibilities  in  the  field  of 
lighting ;  and  not  only  in  the  theatre  but  everywhere  that  light  is 
used.  To  realize  this  you  have  but  to  look  at  the  number  of  stores 
w^here  they  make  use  of  colored  light  in  the  windows,  projected 
either  by  lenses  or  reflectors.  This  is  an  idea  borrowed  from  the 
theatre.  This  is  one  of  the  reasons  why  I  believe  that  what  is 
done  in  the  theatre  can  have  a  powerful  influence,  by  stimulating 
the  imagination,  thus  creating  a  sense  of  the  idealistic  and  apply- 
ing it  to  the  commonplace. 

DISCUSSION 

William  Hall:  I  thank  you.  Ladies  and  Gentlemen,  but 
I  am  absolutely  unprepared.  I  am  simply  stepping  forward  to 
take  some  one  else's  place  who  has  disappointed  you. 

I  am  very  much  pleased  with  two  of  the  statements  heard 
here  this  evening,  one  of  them  that  even  though  we  of  the 
stage  appear  old-fashioned,  they  have  to  refer  back  to  our  old- 
fashioned  methods  to  gain  effects.  Let  me  take  you  back  to 
1887  when  I  first  started  as  a  gas  boy,  at  the  old  Niblo's  Garden. 

Can  you  imagine  climbing  out  on  the  grooves  (they  shifted 
the  scenes  on  and  ofif  stage  in  these)  twenty  feet  from  the  stage 
level,  with  a  pair  of  calcium  light  cylinders  a  little  bigger  than 
a  fire  extinguisher  strapped  to  your  back,  a  calcium  light  reflec- 
tor fifteen  inches  in  diameter  fastened  on  your  chest,  holding  a 
set  of  colors  between  your  knees,  and  forty  men  changing  the 
colors  at  the  same  time  for  the  dance  group  pictures  which  oc- 
curred generally  every  sixteen  bars  of  the  music. 

I  have  always  claimed  that  the  electric  switchboard  and  dimmer 
equipment  is  only  the  evolution  of  the  old  gas  table  or  switch- 
board, not  a  new  creation.  With  the  gas  table  of  other  days 
we  accomplished  the  same  results  you  obtain  to-day — in  a  crude 
way,  we  will  admit,  but  with  wonderful  results.  I  will  state 
without  fear  of  contradiction,  that  with  the  combination  of  the 
old  gas  lighting  equipment  and  the  calcium  light  apparatus,  we 
have  given  productions  that  even  in  this  era  of  advancement 
have  never  been  equalled,  that  is  so  far  as  stage  spectacular 
eflfect  is  concerned. 
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Understand  this,  we  had  producers  in  those  days  who  were 
absolutely  striving  for  accomplishment.  Their  hearts  and  souls 
were  in  the  work,  irrespective  of  the  financial  outcome.  We  had 
our  Irving,  our  Davenport,  our  Henderson  and  Kiralfy,  people 
who  produced  shows  for  the  productive  effect,  not  everything 
for  the  financial  return.  They  went  at  things  in  a  different  way 
than  they  do  to-day.     Commercialism  did  not  enter  into  it. 

A  few  of  my  very  pleasant  experiences.  As  a  gas  boy  in 
Niblo's  Garden,  to  make  dark  changes  the  lights  were  turned 
down  to  a  blue  flame  by  a  by-pass  valve  system ;  frequently  the 
draft  would  blow  out  the  flame  during  the  change,  to  light  a 
border  light  it  would  then  be  necessary  to  take  a  long  pole, 
say  thirty  feet  long,  with  an  alcohol  torch  fastened  on  end  and 
touch  the  gas  tips.  Perhaps  the  gas  would  have  been  turned  full 
on,  then  you  would  see  a  flash  of  flame  the  entire  length  of  the 
border,  some  fifty  feet.  (Laughter).  But  we  did  not  have  any 
fires.  But  my  what  a  noise !  Just  like  a  flash  light  powder  going 
off  on  a  large  scale.  The  audience  get  frightened?  No,  they 
got  used  to  it  I  guess.  (Laughter). 

Recalling  my  traveling  with  Fanny  Davenport  through  the 
country.  That  was  in  1895.  Electricity  was  just  being  intro- 
duced in  the  theatres  then — we  had  with  us  what  was  called 
the  Meyerhoffer  lamp.  The  Universal  Stage  Lighting  Company 
is  the  successor  of  that  company  and  far  advanced  away  beyond 
the  Meyerhoffer  period  I  am  pleased  to  say.  The  Meyerhoffer 
device  was  of  the  hand  feed  type,  to  feed  taking  up  the  amount 
of  carbon  consumed  it  was  necessary  to  place  your  hand  gener- 
ally up  to  a  height  above  your  head  in  an  opening  inside  of  the 
hood  and  turn  the  feed  screw. 

On  this  trip  in  the  West,  San  Diego,  California,  was  the  place 
I  think,  looking  for  electricians  as  ()])erat()rs,  I  could  not  got  any- 
body but  a  trolley  car  motorman  (laugliter)  ;  of  course,  he  was 
an  electrician.  (Laughter).  Understand  the  situation;  Fanny 
Davenport  was  playing  in  one  of  Mr.  Hartnian's  productions, 
the  place  had  to  be  kept  very  quiet.  As  the  operator  (trolley 
motorman)  would  reach  up  to  feed  up  on  the  carbon,  his  natural 
inclination  was  to  stamp  on  the  floor  as  if  clanging  his  bell. 
(Laughter).      Can   you   imagine   the   effect    of    this    interruption 
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on  Fanny  Davenport?  I  came  very  near  losing  my  position 
over  the  incident. 

Along  those  lines  and  over  such  obstacles  we  advanced  with 
electricity.  Once  for  a  choke  coil  for  live  hundred  and  fifty 
volts  I  used  up  an  old  bed  spring  taking  the  spiral  springs  and 
fastening  them  together,  quite  an  accomplishment  for  those  days, 
and  naturally  I  was  proud  of  it,  placed  the  coil  in  the  cellar  of 
the  theatre  with  a  switch  on  a  post  alongside  of  it.  The  arc 
from  the  slow  break  of  the  switch  had  me  hesitating  though 
about  handling  it;  so  rigged  up  a  set  of  pull  strings  extending 
to  a  pocket  on  the  stage  floor  and  opened  and  closed  the  switch 
from  that  safe  point.  Got  kind  of  careless  though  toward  the  end 
of  the  week  and  while  proudly  exhibiting  the  device  to  the  power 
house  electrician  thoughtlessly  placed  my  hand  on  those  five 
hundred  and  fifty  volts  and  was  knocked  clear  across  the  cellar. 
(Laughter).     We  had  practical  lessons  in  those  days. 

An  interesting  statement  this  evening  was  that  they  had  natural 
phenomena  in  the  theatre  to-day  and  how  naturally  these  results 
and  effects  were  accomplished.  Of  course  in  this  era  the  motion 
picture  has  cut  out  a  lot  of  our  effects.  Mr.  Rothafel  described 
how  he  obtained  a  water  ripple  effect  to  illustrate  a  song  with 
the  motion  picture  machine.  The  first  way  we  made  water  ripple 
effects  was  with  a  large  metal  barrel  with  holes  or  slots  cut 
horizontally;  into  the  inside  of  which  we  would  place  a  couple 
of  calcium  light  burners  and  revolve  the  barrel  around  the  lights. 
By  this  same  method  of  operation  we  had  cloud  effects  painted 
on  glass  revolving  in  front  of  lens  lamps. 

Mr.  Rothafel  has  told  you  of  some  very  natural  effects  they 
obtain  to-day.  Well,  I  guess  we  had  some  natural  ones  in  the 
old  days  too.  With  the  Savage  Grand  Opera  Company  for  Car- 
men the  rocky  pass  scene  in  the  third  act  the  back  drop  had  a 
waterfall  painted  on  it  for  the  full  length  ending  in  a  sort  of 
ravine.  Behind  the  drop  we  had  a  projective  water  fall  effect. 
Set  in  front  was  a  runway  for  Don  Jose's  entrance  on  horse- 
back. Well,  as  the  horse  made  his  entrance  he  would  invariably 
stop  to  take  a  drink  out  of  the  waterfall.     (Laughter). 

In  traveling  through  the  country  with  a  show  I  carried  ap- 
paratus for  a  combination  of  gas  and  electricity.  The  devices 
would  have  a  gas  burner  for  the  calcium  or  if  electricity  was 
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available,  remove  the  gas  burner  and  place  the  arc  carbon  burner 
in  the  same  hood.  So  you  see,  we  were  quite  resourceful  in 
those  days.  Admitting  an  advance  in  the  lighting  of  the  pre- 
sent day  theatre,  I  would  say  that  if  you  have  any  idea  of  going 
into  the  field  of  stage  illumination,  I  would  recommend  you  gather 
all  the  data  possible  on  how  we  accomplished  results  in  the  old 
days.  For  spectacular  lighting,  I  have  not  up  to  the  present 
day  and  I  have  been  associated  with  some  of  the  largest  produc- 
tions ever  staged  in  my  capacity  as  department  head  with  the 
New  York  Calcium  Light  Co.,  seen  a  production  to  equal  any 
of  the  productions  as  given  at  the  New  York  Theatre  like  "The 
Man  in  the  Moon,"  "The  King's  Carnival"  or  "Million  Dollars." 
The  Hippodrome  had  some  wonderful  spectacles,  but  even  they 
do  not  compare  with  spectacles  of  the  past. 

Mr.  Rothafel  has  described  the  wonderful  new  theatre  he  has  in 
mind,  with  electric  lamps  set  around  like  footlights  surrounded 
with  glass  prisms  eliminating  the  coloring  of  lamps  or  sheet 
gelatines  for  color  effect  and  how  he  would  have  a  mechanical 
system  to  turn  these  colored  prisms  of  glass  in  front  of  the  lamps 
for  desired  color  changes.  As  Mr.  Rothafel  extended  you  an  in- 
vitation to  visit  him,  I  will  also  invite  you  to  come  any  time  to 
my  office  and  I  will  show  these  same  colored  glasses  as  used  in 
the  Eighties  set  around  arc  and  gas  burners  on  an  individual  re- 
volving base  with  a  string  attached  so  we  could  turn  any  color 
we  desired  in  front  of  the  burner;  once  again  illustrating  my  con- 
tention that  you  have  to  go  some  to  show  anything  new  in  stage 
lighting  to  anyone  of  the  gentlemen  who  are  here  to-njght  and 
associated  with  the  stage  as  long  as  I  have  been.  I  still  contend 
you  are  adapting  a  different  method  of  doing  something  simpler 
than  the  way  we  did  it.  We  of  the  stage  do  not  wish  to  retard 
you  in  any  way,  we  welcome  you  to  show  us  something  new,  come 
over  to  our  Company,  talk  over  what  you  have  in  mind,  we  will 
show  you  how  we  did  it  and  hclj)  you  all  wo  can.  That  is  all  I 
have  to  say.     Thank  you. 

W.  D'A.  Ryan  :  I  have  been  very  greatly  interested  in  the 
two  excellent  addresses  delivered  to-night.  W^iile  T  am  not  in  a 
position  from  exi)erience  to  discuss  theatre  lighting,  I  ha\e  had 
some  experience  in  the  use  of  color  on  a  large  scale. 
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Color  is  just  as  important  in  giving  pleasure  as  music,  when 
properly  handled.  The  first  experience  that  I  had  in  color  was 
possibly  twenty-five  years  ago  at  Bass  Point,  Nahant.  I  tried 
out  there,  on  artificial  clouds  created  by  specially-prepared  shells 
for  making  smoke,  the  effect  of  color  on  the  public,  and  was 
greatly  pleased  to  see  what  wonderful  drawing  power  that  it 
had. 

At  the  time  of  the  Hudson-Fulton  Centennial,  you  probably 
recall  some  of  the  color  eft'ects  used  on  the  river,  and  the  illumina- 
tion of  Niagara  Falls  in  1907,  but  the  climax  in  color  on  a  large 
scale  was  at  San  Francisco  in  191 5  at  the  Panama-Pacific  Inter- 
national Exposition. 

•  \Yq  had  one  color  effect  alone — spectacular — aside  from  the 
general  color  used,  covering  possibly  nine  million  square  feet  of 
surface,  a  battery  of  searchlights  of  a  combined  beam  candle- 
power  of  a  little  over  two  billion,  six  hundred  million, — visible 
eighty  or  ninety  miles  away,  as  far  as  Sacramento.  It  is  ad- 
mitted by  the  Exposition  officials  that  that  color  effect,  the  color- 
ing of  the  Exposition,  the  light  at  night,  and  particularly  the 
effect  of  this  scintillator,  did  more  than  any  other  one  thing  to 
make  that  Exposition  a  financial  success  in  the  face  of  the  war. 

There  were  forty-eight  searchlights,  manned  in  such  a  way 
that  they  could  control  for  various  combinations  of  color,  and  over 
three  hundred  specially  prepared  shells,  and  the  effects  were  led 
up  to  a  final  climax  in  which  five  hundred  shells  were  thrown  into 
the  air  in  one  second,  one  half  being  four  and  a  half  inch.  We 
had  a  locomotive,  largest  Pacific  type,  to  generate  steam  for 
certain  effects,  and  the  final  was  a  climax  of  all  the  effects,  and  it 
never  failed  to  impress  the  people. 

Following  the  Exposition,  the  first  case  that  I  know  of  the 
use  of  color  in  a  theatre,  for  the  house  proper,  that  is,  distinguish- 
ing it  from  the  effects  used  on  the  stage,  was  in  Growman's 
Theatre  in  Eos  Angeles.  They  followed  some  of  the  effects 
similar  to  those  used  in  the  Exposition,  where  we  brought  out 
in  very  fine  silhouette  many  of  the  decorative  features  of  the 
building. 

I  have  noted  a  number  of  instances  since,  but  may  say  that 
in  general  they  are  too  harsh.  They  go  too  much  to  strong  color 
rather  than  tints  and  shades,  and  too  much  contrast  and  not  par- 
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ticularly  happy  combinations.  That  is  just  a  general  statement. 
There  are  some  theatres  very  beautifully  treated,  but  I  think 
the  tendency  in  the  window  lighting  also  is  to  get  too  harsh 
effects  in  the  combinations,  and  it  is  like  anything  developing  new 
— it  will  start  in  crude  and  finally  become  refined. 

Now,  in  conclusion,  I  would  like  to  say  that  there  is  not  any- 
thing more  important  to  the  public  to-day  than  the  art  of  colored 
lighting,  and  I  believe  that  every  effort  should  be  put  forth  to 
study  that  art  and  develop  it  to  a  high  degree  of  perfection  within 
the  coming  years. 

M.  J.  Levy  :  I  was  very  much  interested  in  what  Mr.  Rotha- 
fel  said.  I  have  known  him  for  probably  ten  years.  I  remember 
when  he  first  came  here,  when  he  went  to  the  Strand  Theatre 
and  there  tried  to  impress  the  owners  with  the  idea  of  having 
colored  lighting  in  the  auditorium.  As  the  theatre  was  pretty 
well  finished  by  that  time,  we  could  not  help  him  out.  I  had  de- 
signed the  electric  lighting  installation  of  this  house  as  I  have 
of  three  hundred  other  theatres  throughout  the  country. 

When  Mr.  Rothafel  built  the  Rialto  Theatre  in  New  York  he 
came  to  me  and  said,  "Now  I  want  something  here  that  I  can 
operate,  the  same  as  an  artist  plays  on  the  piano,"  and  he  had 
drummed  the  architect  full  of  his  notions — full  of  three-color 
auditorium  fighting.  The  architect  did  not  quite  grasp  him  and 
sent  him  to  me.  and  we  carried  out  the  lighting  of  that  theatre  as 
best  we  could,  with  what  the  builder  and  the  architect  would 
give  us.  We  had  a  great  deal  of  help  from  them,  but  we  had  a 
great  deal  of  trouble  with  the  different  artisans,  plasterers  and 
particularly  with  the  i)ainter.  We  could  not  get  the  painter  to 
put  on  the  color  we  wanted.  Tn  fact,  I  do  not  believe  I  have  been 
able  to  get  a  painter  to  i)ut  on  color  so  that  we  could  really  show 
the  color  values  of  our  lamps.  As  a  rule,  they  put  on  a  lot  of 
browns  and  a  lot  of  gold,  particularly  in  domes  and  around 
cornices,  and  we  have  a  great  deal  of  tronhle.  but  Mr.  Rothafel 
at  that  time  worked  very  hard  to  get  that  theatre  in  such  shape 
that  he  could  bring  out  his  color  lighting  scheme.  That  was  the 
first  theatre  of  that  kind.  That  is  a  matter  of  about  eii^ht  or  nine 
years  ago. 
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Then  Mr.  Rothafel  brought  out  the  Rivoli  Theatre,  where  that 
style  of  Hghting  was  again  used,  and  now  in  the  Capitol  Theatre. 

A  great  many  theatres  have  since  been  equipped  with  that  kind 
of  lighting,  but  I  have  found  that  in  most  places  it  is  not  properly 
used.  A  man  like  Mr.  Rothafel  with  his  artistic  sense  would 
use  it  properly.  He  has  an  idea  of  values.  He  does  not  smear  it 
on,  but  I  have  found  in  a  great  many  other  theatres  that  the 
lighting  effects  are  left  to  a  stage  electrician.  Now  there  are  a 
great  many  highly  intelligent  stage  electricians,  but  the  average 
man  who  gets  into  a  house  of  that  kind  has  not  the  necessary 
intelligence  to  follow  the  music,  or  follow  the  stage  productions 
with  the  lights.  It  takes  a  man  of  a  higher  calibre,  as  is  proven 
by  the  fact  that  a  man  like  Mr.  Rothafel  directs  that  feature  in 
his  own  theatre. 

There  is  a  statement  of  Mr.  Hartman  that  is  very  much  like  the 
statements  that  I  have  made  time  and  time  again,  on  the  subject 
of  stage  lighting.  One  great  trouble  with  the  stage  has  been  that 
when  the  nitrogen  lamp  was  introduced  it  was  in  the  thousand 
watt  unit.  It  is  a  pity  that  the  one  hundred  watt,  or  even  the 
fifty  watt,  had  not  been  perfected  long  before  the  thousand  watt, 
because  the  thousand  watt  unit,  with  all  its  glare,  was  used  by  the 
stage  electricians  because  of  its  peculiar  white  effect,  and  as  a 
consequence,  stages  are  now  crowded  with  thousand  watt  units, 
which  give  you  simply  glare.  Stage  illusion  is  entirely  out  of 
the  question. 

I  know  of  one  instance  where,  after  we  had  given  a  theatre 
a  very  good  equipment,  the  stage  electrician  came  along  and  he 
said,  "Do  not  want  anything  like  that.  I  am  going  to  put  thousand 
watt  units  all  over  the  place."  He  did,  and  on  the  opening  night 
his  back  drop  was  unquestionably  a  back  drop.  It  was  not  a 
scene.  You  could  see  every  paint  mark  on  that  back  drop.  Where 
you  expected  to  find  a  castle  on  a  hill,  with  a  road  running  up  to 
the  castle,  you  saw  absolutely  nothing  but  a  flat  piece  of  painting, 
and  I  think  that  the  high  intensive  units  should  be  used  with 
much  more  skill  and  care  than  at  present.  It  would  be  better  if 
they  were  not  used  at  all.  Smaller  units  that  diffuse  the  light 
would  make  the  stage  illusion  complete.  A  great  many  stage 
managers  and  stage  electricians  forget  that  what  you  see  on  the 
stage  is,  as  Mr.  Hartman  says,  intended  to  fool  the  public.     It 
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is  intended  to  create  an  atmosphere  in  which  the  pubUc  sees 
something  that  is  not  actual.  And  so  the  Hghting  unit  should  be 
kept  down.  There  should  not  be  quite  so  much  of  the  glare. 
There  should  not  be  quite  so  much  of  the  intent  to  create  daylight 
on  the  stage,  because  it  cannot  be  done,  without  overstepping  the 
mark.  You  cannot  get  artificial  daylight,  as  daylight  appears  to 
you  in  the  day  time.  It  is  a  rather  difficult  proposition,  and  the 
best  you  can  do  is  to  create  an  illusion  that  will  make  you  think 
it  is  daylight. 


DAYLIGHT  ILLUMINATION  ON  HORIZONTAL,  VERTI- 
CAL AND  SLOPING  SURFACES* 


REPORT  OF  THE  COMMITTEE  ON  SKY  BRIGHTNESS, 
H.  H.     KlMBAhh,  Chairman 


SYNOPSIS :  The  report  summarizes  sky-brightness  and  daylight-illumination 
measurements  made  during  the  year  ending  April  6,  1922.  For  ten  months  the 
measurements  were  made  in  a  suburb  of  Washington  that  is  comparatively  free 
from  city  smoke.  During  the  other  two  months,  one  in  summer  and  one  in  winter,  the 
measurements  were   made   in   the  smoky  atmosphere  of  the  city  of  Chicago. 

The  measurements  were  made  as  nearly  as  possible  with  the  sun  at  altitudes 
above  the  horizon  of  0°,  20°,  40°,  60°,  and  70°.  From  the  sky-brightness  measure- 
ments the  resulting  illumination  on  vertical  surfaces  differently  oriented  with 
respect  to  the  sun,  and  on  surfaces  sloping  at  different  angles  and  in  different 
directions,  has  been  computed.  These  computed  values  have  been  utilized,  in  con- 
nection with  daylight-illumination  measurements,  to  construct  charts  showing  for 
latitude  42°  north,  illumination  intensities  for  each  hour  of  each  day  of  the  year 
as   follows: 

(i)    On  a  vertical  and   on   a  horizontal  surface,   from  a  cloudy   sky. 

(2)  On  a  horizontal  surface  and  on  vertical  surfaces  facing  the  eight  principal 
points  of  the  compass,  from  a  clear  sky. 

(3)  On  a  horizontal  surface  and  on  vertical  surfaces  facing  the  eight  principal 
points   of  the  compass,   from   the  sun   and  clear  sky  combined. 

The  illumination  on  sloping  surfaces  from  skylight  and  from  solar  and  skylight 
combined  has  been  summarized  in  tables. 

The  application  of  these  data  to  the  lighting  of  working  space  in  a  building 
through  saw-tooth  roof  construction  is  show.  It  is  pointed  out  that  with  a  clear 
sky  the  larger  proportion  of  the  illumination  should  result  from  the  reflection  of 
light  from  the  outside  roof  surface  through  the  window  opening,  rather  than  by  the 
direct   transmission   of   skylight    through    the   window. 

With  a  cloudy  sky  the  illumination  on  a  horizontal  surface  is  considerably  more 
than  twice  that  on  a  vertical  surface,  due  to  the  fact  that  the  region  of  maximum 
brightness   is    in    or   near   the    zenith. 

With  high  sun,  as  at  midday  in  summer,  the  illumination  from  a  cloudy 
sky  averages  higher  than  the  illumination  from  a  clear  sky,  except  on  a  vertical 
surface    facing   the   sun.      This   is   not    the    case    with    low   sun. 

The  maximum  illumination  from  a  clear  sky  on  vertical  surfaces  is  a  little  in 
excess  of  1,400  foot-candles,  and  occurs  on  surfaces  facing  the  sun  from  early  June 
to   early   September,  between   the  hours  of  8.30  A.   M.,   and   3:30   P.   M. 

The  minimum  illumination  from  skylight  is  on  a  vertical  surface  facing  away 
from  the  sun.  At  Chicago  in  the  smoky  Loop  District  the  illumination  from  a 
cloudless  sky  on  such  a  surface  averages  about  two-thirds  the  illumination  at  Wash- 
ington  on  a  similar  surface  from   a  clear  sky. 

*A  report  presented  at  the  annual  convention  of  the  Illuminating  Engineering 
Society,    Swampscott,    Mass.,    September   28,    1922;    later   revised    and    extended. 

The  Illuminating  Engineering  Society  is  not  responsible  for  the  statements  or 
opinions  advanced  by  contributors. 
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The  total  (solar  +  sky)  illumination  generally  increases  on  surfaces  sloping 
toward  the  south  until  the  angle  of  slope  reaches  20°,  except  with  low  sun  during 
the  summer  months.  The  maximum  is  about  11,000  foot-candles  at  noon  in  mid- 
summer. 

At  Washington  the  illumination  from  a  clear  sky  on  both  horizontal  and  verti- 
cal surfaces  varies  between  150  and  60  per  cent  of  the  average  values;  from  a 
cloudy  sky,  between  200  and  30  per  cent;  from  a  sky  partly  covered  with  white 
clouds,  on  a  horizontal  surface  three  to  four  times,  and  on  a  vertical  surface  two  to 
three  times  that  from  a  clear  sky;  with  rain  falling,  about  half  that  from  a  cloudy 
sky. 

SKY-BRIGHTNESS  AND  DAYLIGHT-ILLUMINATION   MEASUREMENTS 

In  a  report  of  this  committee^  presented  at  the  Rochester  meet- 
ing in  September,  1921,  the  program  of  sky-brightness  measure- 
ments was  outHned,  and  some  preHminary  results  were  given. 
The  program  of  a  full  year  of  sky-brightness  measurements  was 
completed  on  April  6,  1922.  During  four  weeks  ending  with 
August  13,  1 92 1,  and  a  second  four  weeks  ending  with  February 
2,  1922,  the  measurements  were  made  in  the  city  of  Chicago. 
During  the  remainder  of  the  year  they  were  made  in  a  suburb  of 
the  city  of  Washington  that  is  practically  free  from  city  smoke. 

As  was  explained  in  the  previous  report,  at  Washington  the 
photometer  was  mounted  on  a  stand  inside  a  small  shelter  that  was 
painted  white  on  the  outside  and  flat  black  on  the  inside.  The 
upper  edge  of  the  sides  of  the  house  is  on  a  level  with  the  center 
of  the  elbow  tube  of  the  photometer  when  the  latter  is  horizontal. 
This  exposure  permits  measurements  of  the  illumination  from 
skylight  on  both  horizontal  and  vertical  surfaces.  With  a  clear 
sky,  however,  illumination  measurements  on  vertical  surfaces 
have  been  confined  to  surfaces  facing  in  azimuth  0°  and  45° 
from  the  sun,  as  at  greater  azimuths  the  blackened  inside  walls 
of  the  shelter  reflect  too  much  sunlight  to  tlie  photometer. 

It  may  be  well  to  recall  to  mind  some  details  of  the  sky-bright- 
ness measurements.  Figure  i  is  a  slereographic  projection  of  the 
half  of  the  sky  on  either  side  of  the  sun's  vertical.  The  sun's 
position  is  indicated  by  the  letter  X.  The  horizontal  straight  line 
represents  the  horizon,  .md  above  it  are  lines  of  equal  altitude  10° 
apart.  Extending  from  tlie  zenitli  to  the  horizon  are  azimutli 
circles  also  10''  apart. 

'  TUANSACTIONS,  Illiim.  Kng.  Soc,  Oct.,  iq-M.  Vol.  XVI.  PP-  J55-.275.  Mo. 
IVeather  Aev.,  Sept..  i^Ji,  49,  pp.  48i.4S}<. 
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Fig.   I. — Sky  brightness  in  millilamberts.     Sun's  position  indicated  by  X.     Wash- 
ington,  D.  C,  cloudless  sky,  ground  covered  with  snow. 


A  complete  series  of  sky-brightness  measurements  consists  of 
three  photometric  readings  on  each  of  the  points  at  2°,  15°,  30°, 
45°,  60°,  75°,  and  90°  above  the  horizon,  and  on  azimuth  circles 
o°»  45°»  90°>  I35°»  2ind  i8o°  from  the  sun,  covering  half  the  sky 
only.  Unless  the  sky  is  cloudy  the  point  that  falls  nearest  the  sun 
on  azimuth  circle  0°  is  usually  too  bright  to  measure  with  the 
screens  at  our  disposal.  There  are  therefore  102  photometric 
readings  in  each  series.  In  addition,  with  a  clear  sky  the  intensity 
of  the  total  illumination  from  the  sun  and  sky  is  measured  on  a 
horizontal  surface,  and  on  a  surface  normal  to  the  direct  solar 
rays,  and  the  illumination  from  skylight  alone  is  measured  on 
these  two  surfaces  and  also  on  vertical  surfaces  facing  0°  and  45° 
in  azimuth  from  the  sun.  If  the  sky  is  cloudy  the  illumination  is 
measured  on  a  horizontal  surface,  and  on  vertical  surfaces  facing 
o°>  45°>  90°»  135°)  ^nd  180°  in  azimuth  from  the  sun.  There 
are  therefore  eighteen  photometric  readings  (six  sets  of  three 
readings  each)  in  each  series  of  illumination  measurements.  It  is 
usually  a  matter  of  chance  whether  the  readings  are  on  azimuth 
circles  to  the  right  or  to  the  left  of  the  sun.  Unless  there  is 
inequality  in  the  cloud  or  haze  distribution,  or  in  the  character 
of  the  earth's  surface  on  the  two  sides  of  the  sun's  vertical,  the 
sky  brightness  on  the  two  sides  should  be  symmetrical. 
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TABLE  I.— Number  of  Series  op  Sky-Brightness  Measurements 

WASHINGTON.  D.  C. 


Solar  altitude 


Clear  sky 

Thin  clouds. ...... 

Partly  cloudy  sky 

Cloudy  sky 

Rain  or  snow 

Total 


0° 

20° 

40° 

60° 

70° 

9 

2 
I 

6 

62 

34 

21 

30 

3 

122 

36 

57 

26 

6 

23 
16 

24 

21 

8 

II 

17 

4 

i8 

150 

247 

92 

32 

Total 


227 

88 
120 

87 
17 


539 


CHICAGO.  ILL.,  FEDERAL  BUILDING 


Solar  altitude 


Clear  sky 

Thin  clouds 

Partly  cloudy  sky 
Cloudy  sky 

Total 


5 

15 


13 
8 

9 
6 


36 


36° 


_3_ 
II 


40° 


60° 


19 


Total 


33 
21 

30 

IS 


99 


UNIVERSITY  OF  CHICAGO 


Solar  altitude 


Clear  sky 

Thin  clc'uds 

Partly  cloudy  sky 
Cloudy  sky 

Total 


0° 

20° 

29° 

40° 

60° 

2 

II 

3 

9 

TO 

9 

5 

2 

2 

6 

4 

5 

6 

2 

7 

2 

I 

I 

10 

31 

10 

17 

19 

Total 


35 
18 
21 
13 


87 


The  attempt  is  made  to  obtain  complete  series  of  sky-bri^htness 
and  illumination  measurements  when  the  sun  is  0°,  20°,  40°,  60°, 
and  70°  above  the  horizon.  On  account  of  the  lenj^^th  of  the  day 
the  readings  at  0°  and  20°  solar  altitude  are  generally  omitted  in 
midsummer,  and  in  winter  the  sun  does  not  reach  an  altitude 
much  in  excess  of  40°.  In  fact,  at  the  Federal  Building,  Chicago, 
in  January,  the  average  altitude  of  the  sun  at  the  time  of  making 
the  noon  readings  was  26°,  and  at  the  University  of  Chicago,  at 
the  end  of  January  and  early  in  I'ehruary  it  was  29°.  When  rain 
was  falling,  only  sky-brightness  measiiri'iiu'iits  ui>  to  an  altitude 
of  Ci()'^  roiild  br  made  by  j)ointing  the  |)liotonu'ter  out  ot"  a  window. 

TabK-  I  gi\rs  tin-  niinibrr  of  series  of  sky-brightiu-ss  measure- 
ments obtaiiH'd  at  Washington  and  Chicago  with  the  sun  at  the 
altitudes  indicated  and   with   the  dilTerenl   types  of  sky.      In  all 


TABLE  II.— Averages  of  Sky-Brightness  Measuremenes  Expressed 
IN  Tbrms  of  Zenith  Brightness.     Washington,  D.  C. 


Solar 
altitude 


20' 


40^ 


20^ 


40' 


60' 


70*^ 


20^ 


Point  in    sky  where  brightness  was  measured 

Zenith 

Azi- 

Altitude 

bright- 
ness 

muth 

from 

sun 

2° 

15° 

30° 

45° 

60° 

/5 

90° 

miy. 

CI.EAR  SKY.  WINTER 

o 

45 
90 

135 
180 

o 

45 
90 

135 
180 

o 

45 
90 

135 
180 


45 
90 

135 

180 

o 

45 
90 

135 
180 

o 

45 
90 

135 
180 

o 

45 
90 

135 
180 


45 
90 

135 

180 


12.66 

9.61 

4.33 

2.40 

1.44 

1. 15 

1. 00 

4.40 

4.76 

2.83 

1.98 

1.36 

I-I5 

2.43 

2.76 

2.08 

1.47 

1.20 

1. 10 

2.99 

3-43 

2.41 

1.58 

1. 17 

1.03 

3-«3 

4.20 

2.74 

1.77 

1.25 

1.08 

23-52 

9-78 

4.27 

2.26 

1.42 

1. 00 

8.91 

5.54 

3.76 

2.57 

1.75 

1.27 

3.95 

2.60 

1.69 

1.30 

1. 10 

1.06 

3-92 

2.34 

1.42 

1. 01 

0.87 

0.88 

4.38 

2.55 

1.42 

0.99 

0.81 

0.79 

8.29 

6.81 

9.44 

2.72 

1-53 

1. 00 

4.56 

3-45 

2.77 

2.21 

1.76 

1.36 

2.62 

1.66 

1. 12 

1. 00 

0.89 

0-95 

2.51 

1-33 

0.82 

0.68 

0.66 

0.75 

2.76 

1.44 

0.81 

0.60 

0.58 

0.69 

27.1 


281 


544 


CI^EAR  SKY,  SUMMER 


21.10 

10.85 

4.06 

2.34 

1.40 

1. 00 

7.72 

5-90 

3.91 

2.74 

1.94 

I-3I 

5.42 

2.81 

1.78 

1-35 

1.07 

1. 14 

2.48 

1.86 

1.23 

0.83 

0.72 

0.82 

2.85 

2.13 

1. 19 

0.85 

0.74 

0.76 

7-35 

6.19 

8.43 

2.75 

1.58 

1. 00 

4.15 

3.13 

2.69 

2.45 

1.88 

1.42 

2.13 

1. 41 

J-I3 

0.97 

0.99 

1.04 

1.74 

I- 13 

0.74 

0.60 

0.62 

0.74 

1.83 

I.I  I 

0.68 

0.54 

0.53 

0.68 

2.08 

1.74 

1.84 

2.51 

1.65 

1. 00 

1.74 

1-53 

1.30 

1-53 

1.67 

1. 41 

1. 16 

0.88 

0.72 

0.74 

0.S8 

0.99 

0.95 

0.61 

0.47 

0.50 

0.58 

0-75 

1. 00 

0.64 

0.47 

0.50 

0.54 

0.72 

1-45 

1.29 

I-I3 

1.60 

3-30 

1. 00 

1-25 

0.90 

0.89 

1.07 

1.33 

1-53 

0.77 

0.65 

0.56 

0.54 

0.62 

0.89 

0.62 

0.42 

0.37 

0.38 

0.44 

0.66 

0.58 

0.39 

0.31 

0.31 

0.41 

0.61 

400 


803 


1,650 


2,300 


cloudy  sky,  winter 


0.39 

0.59 

0.80 

0-93 

1.03 

1.04 

0.40 

0.5  s 

0.67 

0.84 

0.97 

0.97 

0.31 

0.56 

0.68 

0.81 

0.90 

0.92 

0.31 

0.49 

0.66 

0.80 

0.86 

0.94 

0.32 

0.54 

0.67 

■0.83 

0.94 

0.98 

1. 00        989 

Max.  1::=  2, 2 II 
Min.=245 
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there  are  about  55,000  photometric  readings  of  sky  brightness 
and  9,000  photometric  readings  of  illumination  intensity  at  Wash- 
ington and  19,000  and  2,200,  respectively,  at  Chicago. 

In  Tables  II  and  III  are  summarized  the  sky-brightness  meas- 
urements made  at  Washington  and  Chicago,  respectively,  during 

TABLE  IIL— AvBRAGK  of  Sky-Brightness  Measurements  Ex- 
pressed IN  Terms  of  Zenith  Brightness.     Chicago,  III. 


Place 


University 


Federal  Building 


University 


Federal  Building   .    . 


I'jiiversity 


Federal  Building   . 


University 


Solar 
alti- 
tude 


25C 


26° 


Federnl  BuiUling 


Point  in   sky  where  brightness  was  measured. 


Azi- 
muth 
from 

sun 


Altitude 


15" 


30^ 


45" 


60^ 


75^ 


90'- 


Zenith 
bright- 
ness 


mL. 


CLEAR  SKY,  WINTER. 


0 

9.80 

8.04 

3-67 

2.03 

1.38 

1.08 

1. 00    1 

45 

3-04 

4  06 

2.14 

1.50 

I-I3 

0.87 

1 

qo 

1.03 

2.3b 

1.79 

1.46 

1.29 

1.07 

I^S 

I-3I 

2.4b 

1.84 

1-47 

1.18 

0.78 

180 

0.80 

a.84 

3-34 

1.64 

1.22 

0.96 

u 

1.80 

4.41 

4.00 

1. 21 

1.48 

I -13 

1. 00 

45 

0.85 

2. II 

2.04 

1.54 

1.3b 

1. 10 

go 

0.80 

1.29 

1.27 

1.24 

1.03 

0.99 

M5 

0.88 

1. 88 

1.00 

I  43 

I  05 

1.08 

180 

I. II 

2.12 

1.85 

1.66 

1.25 

1.09 

0 

16.38 

•   . 

9.18 

425 

2.21 

1.22 

1. 00 

45 

6.38 

5.00 

3-59 

2.58 

1-93 

1-33 

90 

2-51 

2.22 

1-59 

1.30 

1.40 

105 

135 

2.06 

1-50 

125 

0.98 

0.95 

0.S5 

180 

2.03 

1-75 

1. 14 

0.89 

0.72 

0.77 

0 

1356 

9.86 

4-37 

2.34 

1  -55 

1. 00 

45 

530 

4.87 

3-37 

2-59 

1.9b 

I. lb 

90 

1.98 

1-93 

1.70 

1-35 

1-31 

1.00 

x.\5 

1.24 

1.27 

1. 01 

0.75 

o.b6 

0  72 

iSo 

1.32 

1-45 

1.08 

0.79 

0.72 

0.S2 

0 

13-65 

18.80 

3.72 

361 

1-37 

1. 00 

45 

532 

4.11 

3-50 

2.59 

1.92 

1-32 

90 

2.59 

1.9b 

1.49 

1.07 

1.02 

1.03 

'35 

1.89 

1.65 

1. 01 

0.82 

0.71 

0.7S 

iSo 

a.13 

1.78 

«05 

0.82 

0.77 

0.71 

0 

7.81 

«5-73 

12.14 

4.96 

2.44 

1.46 

1. 00 

45 

3-H4 

4.12 

4.02 

2.85 

3.04 

0.94 

90 

0.95 

1.20 

1-39 

0.93 

o.7t> 

1. 00 

135 

0.73 

0.72 

0.73 

0.73 

0.73 

o.8q 

li>o 

0.65 

0.80 

0.70 

0.58 

0.63 

0.75 

>9-4 


I9-: 


345 


340 


433 


5H 


CLOUDY  SKY.  WINTER. 


0 

0.29 

O..S2 

o.K<) 

1.06 

1.07 

i.aS 

45 

0  30 

0.47 

0.73 

o.Si) 

o.g6 

o.9<j 

90 

o.3g 

0.41 

0.63 

0.86 

o.yi 

O.Q7 

:g 

0.30 

0.42 

o.5« 

0.71 

0.8O 

o.h8 

o.»5 

0.37 

0.56 

0.73 

0.94 

0.91 

0 

0.38 

0.56 

0.83 

1.02 

I  23 

1.30 

45 

0..33 

CM 

0.5b 

0.7S 

0-93 

I.IU 

90 

042 

0.64 

0.74 

0.9a 

l.og 

l.io 

1.35 

0.34 

o.A\ 

o.<>o 

0.98 

>  »3 

1.0.S 

iKo 

0.33 

0.56 

0.80 

0.84 

0.70 

0.93 

I. 00  614 

Max.     1,074 

Min.     S4 


1.00 


Ma 


500 


>  034 
Min.  •<  133 
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TABLE  III.     (Continued)— Average  of  Sky-Brightness  Measure- 
ments Expressed  in  Terms  of  Zenith  Brightness 
Chicago,  III. 


Point  in  sky  w^here  brightness  vi^as  measured 

Solar 

Zenith 
bright- 

Place 

alti- 
tude 

Azi- 
muth 
from 

Altitude 

ness 

sun 

2° 

15° 

30° 

45° 

60° 

75° 

90° 

mL- 

University 

8° 

CLEAR  SKY,  SUMMER 

0 

12.29 

5-64 

2.37 

1. 18 

1. 19 

1. 00 

231 

45 

5-46 

5.09 

2.65 

1.83 

1. 17 

0.90 

90 

3-43 

2.37 

1-35 

1.07 

0.95 

0.76 

135 

2.62 

2.18 

1.36 

0.96 

0.72 

0.84 

180 

2.73 

2.69 

1.64 

o.gi 

0.79 

0.86 

Do 

20° 

0 

14-35 

11.44 

5.07 

2.71 

1.63 

1. 00 

523 

45 

5-91 

5-04 

3.88 

2.62 

1.86 

1.32 

90 

2.77 

2.26 

1.61 

1-25 

1.09 

1.04 

135 

1.69 

1.60 

1.04 

0.73 

0.68 

0.72 

180 

1.58 

1.78 

1.04 

0.71 

0.64 

0.70 

Federal  Building  .   . 

20° 

0 

15.08 

13-73 

13-58 

6.19 

2-79 

2.20 

1. 00 

4/9 

45 

4.76 

4.81 

4-54 

3-27 

1.97 

1-37 

90 

1.65 

1-56 

1.32 

1.06 

0.91 

0.90 

135 

1-50 

1-51 

0.91 

0-73 

0.71 

0.80 

180 

1.20 

I-I3 

0.76 

0.54 

0.55 

0-59 

University 

40° 

0 

6.29 

5-67 

7.28 

2.66 

1.63 

1. 00 

810 

45 

3-72 

3-07 

2.70 

2-57 

2.16 

1-49 

90 

1.68 

1.41 

1. 15 

1.09 

0.96 

0.98 

135 

1.73 

1.05 

0.77 

0.73 

0.72 

0.83 

180 

1.26 

0.97 

0.61 

0.48 

0.50 

0.62 

Federal  Building  .   . 

40° 

0 

4-50 

5.56 

6-35 

3-23 

1.76 

1. 00 

900 

45 

1.51 

3-09 

3.38 

2.69 

2.17 

1-37 

90 

1. 16 

1. 19 

0-99 

0-95 

135 

0.67 

0-57 

0.49 

0.43 

0.49 

0.70 

180 

0.97 

0.78 

0.51 

0.41 

0-47 

0.68 

University 

60° 

0 

1-75 

1.88 

2.06 

2.44 

1.67 

1. 00 

1920 

45 

1.32 

1.23 

1-25 

1.38 

1.52 

1.30 

90 

0.84 

0.72 

0,64 

0.82 

0.88 

0.88 

135 

0.80 

0.69 

0.52 

0.52 

0.63 

0.82 

I  So 

0.65 

0.55 

0.45 

0.50 

0.50 

0.66 

Federal   Building  .   . 

60° 

0 

1.63 

1.88 

2.19 

3.24 

1.83 

1. 00 

1360 

45 

1.36 

1.33 

I. II 

1-54 

'1.36 

1.40 

90 

0.94 

0.67 

0.61 

0.58 

0.72 

1.09 

135 

0.96 

0.69 

0.56 

0.63 

180 

1.00 

0.63 

0-39 

"0.38" 

0.43 

0.60 

summer  and  winter  months  with  a  cloudless  sky,  and  during 
winter  months  with  the  sun  20°  above  the  horizon  and  the  sky 
covered  with  clouds.  It  will  be  noted  from  Table  I  that  at  Chi- 
cago most  of  the  sky-brightness  measurements  with  a  cloudy  sky 
were  obtained  when  the  sun  was  at  an  altitude  of  20°. 
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Fig.  2. — Sky  brightness  in  millilamberts.     Sun's  position  indicated  by  X.     Federal 
Building,   Chicago,   111.,   cloudless   sky   with   dense   smoke. 


Referring  again  to  Figure  i,  the  irregularly  curved  lines  are 
lines  of  equal  brightness  that  have  been  drawn  to  represent  the 
brightness  of  the  sky  at  Washington  on  the  morning  of  February 
17,  1922,  with  the  sun  at  an  altitude  of  20°,  and  the  ground 
covered  with  newly  fallen  crusted  snow.  The  figures  on  the  left 
above  the  sun  represent  the  brightness  of  the  sky  with  reference 
to  the  zenith  brightness ;  the  figures  on  the  right  and  at  the  bottom 
of  the  figure,  the  brightness  of  the  sky  in  millilamberts.  The  sky 
90°  from  the  sun  and  in  his  vertical  was  a  deep  blue  and  unusually 
dark.  Near  the  horizon  it  was  unusually  bright  on  account  of  the 
reflection  of  light  to  the  atmosphere  from  the  snow  surface,  and 
especially  beyond  90°  in  azimuth  from  the  sun. 

Figure  2  shows  the  brightness  of  the  sky  as  measured  from  the 
top  of  the  dome  on  the  Federal  Building,  Chicago,  111.,  011  the 
morning  of  January  16,  1922,  with  no  clouds  in  the  sky.  but  heavy 
smoke  in  tlu-  lower  atmosphere.  The  sun  was  at  altitude  20°, 
and  the  ground  was  covered  with  snow,  as  was  the  case  at  Wash- 
ington on  I'Vbruary  17,  bnl  the  snow  was  not  cK-an.  Conii)ared 
with  I'igure  i,  h'igure  2  gives  a  brighter  zenith,  a  i)oint  of  mini- 
mum that  is  less  bright,  and  a  horizon  lieyond  a/inuith  ()() '  from 
the  sun  only  about  one-fourth  as  bright. 
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Fig.  3. — Sky  brightness  in  millilamberts.     Sun's  position  indicated  by  X.     Wash- 
ington, D.  C,  sky  covered  with  dense  haze. 

Figure  3  represents  the  sky  brightness  at  Washington  on  the 
morning  of  July  5,  192 1,  with  the  sky  covered  with  dense  haze, 
but  without  clouds,  and  the  sun  40°  above  the  horizon.  The 
sky  is  much  brighter  than  a  clear  blue  sky,  except  near  the  horizon 
opposite  the  sun. 
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jitififf, 
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Fig.  4. — Sky  brightness  in  millilamberts.     Sun's  position  indicated  by  X. 
ington,  D.   C,  sky  covered  with  dense  clouds. 


Wash- 


Figure  4  represents  the  mean  of  all  the  sky-brightness  measure- 
ments at  Washington  with  the  sun  40°  above  the  horizon,  and 
the  clouds  so  dense  that  neither  blue  sky  nor  the  sun  could  be 
seen.     The  brightest  point  is  near  the  zenith,  and  there  is  little 


DAYLIGHT    ILLUMINATION    ON    SURFACES 


443 


variation  in  brightness  with  azimuth.  The  zenith  and  in  general 
the  sky  opposite  the  sun  is  brighter  when  covered  with  clouds 
than  when  clear,  but  near  the  horizon  and  in  the  vicinity  of  the 
sun  the  clear  sky  is  much  the  brighter.  Thin  clouds,  and  clouds 
that  partly  cover  the  sky,  increase  its  brightness  much  the  same 
as  does  haze. 

ILLUMINATION   FROM  SKYLIGHT  ON   HORIZONTAL  AND 
V^ERTICAL  SURFACES 

During  the  past  year  the  energies  of  the  committee,  aside  from 
the  observational  work,  have  been  directed  principally  to  com- 
puting from  the  clear-sky-brightness  measurements,  as  summar- 
ized in  Tabks  II  and  III,  the  resulting  illumination  on  vertical 
surfaces  facing  in  azimuth  70°,  90°,  135°,  and  180°  from  the  sun. 
The  process  is  a  simple  one.     As  explained  in  the  192 1  report,' 

TABLE  IV.— Illumination  from  Skylight,  Washington,  D.  C. 


Solar 
altitude 


On 
hori- 
zontal 
surface 


On  vertical  surface 


Azimuth  between  normal  to  surface  and  sun  s 
azimuth 

Mean 

0° 

45° 

70° 

<yp 

135° 

180° 

Zenith 
bright- 
ness 


0". 
ao.a' 
41.0' 
61.4* 
71.4' 


to 


70= 


15- 

1.505 
a.«5o 
a.950 


840 
1,540 
1,600 
1,600 


67. R 
6H3 
977 


Foot-candles 


CLOUDY  SKY 


CLKAR  SKY.  SUMMKR 


CLKAR  SKY.  WINTKR 


64  6 
I.04> 
l.iai 


63.7 
H73 
y3'> 


S90 


30.6 

3V3 
505 


30.3 
a65 
3»5 


3«.5 
aS7 
295 


mL- 


5.6 

5.8 

6.4 

6.7 

71 

6.3 

ayS 

280 

273 

273 

272 

279 

614 

60S 

615 

622 

t)o6 

61J 

SKi 

^l 

977 

932 

929 

932 

1,143 

1,103 

1,118 

1,122 

1,203 

1,138 

15-8 

989 

2,000 

3,600 

4.840 


1,252 

1.028 

803 

526 

3«6 

293 

1.454 

« .325 

932 

686 

417 

.VS^ 

1.420 

1.255 

92.^ 

75 « 

559 

4S6 

1.291 

J. 074 

903 

754 

542 

475 

.... 

400 

1  /•'SO 
2,300 


2$  I 
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the  sky  is  divided  into  zones  of  equal  angular  width  about  a  point 
on  the  horizon  90°  in  azimuth  from  the  illuminated  surface,  and 
the  horizontal  component  of  the  illumination  from  each  zone  is 
determined.  The  sum  of  the  illumination  from  all  the  zones 
gives  the  total  skyHght  illumination  on  the  vertical  surface. 

Table  IV  summarizes  the  results  of  these  computations  from 
Washington  measurements,  and  also  the  illumination  measure- 
ments, for  both  clear  and  cloudy  skies.  The  cloudy-sky  measure- 
ments have  been  confined  to  skies  with  so  dense  a  cloud  layer 
that  the  position  of  the  sun  could  not  be  seen.  No  seasonal 
variation  in  the  illumination  intensity  is  apparent.  With  clear 
skies  the  computations  have  been  made  for  both  midsummer 
(June  to  August)  and  midwinter  (December  to  February)  con- 
ditions. 

These  data  have  been  plotted  on  Figure  5  (summer  conditions) 
and  Figure  6  (winter  conditions)  with  the  solar  altitude  as  ab- 
scissas and  illumination  intensities  as  ordinates.  By  interpolating 
between  the  curves  it  is  possible  to  determine  the  illumination 
intensity  for  both  summer  and  winter  conditions  on  a  vertical 
surface  facing  at  any  desired  azimuth  from  the  sun,  and  with  the 
sun  at  any  desired  altitude.  For  spring  and  fall  months  a  straight- 
line  interpolation  has  been  made  between  winter  and  summer 
values. 

Measurements  with  the  sun  on  the  horizon  were  made  during 
the  winter  months  only,  and  these  measurements  have  been  used 
for  summer  as  well.  With  the  sun  at  altitudes  20°  and  40°  it  will 
be  noted  that  the  zenith  brightness  in  winter  is  approximately 
70  per  cent  of  the  corresponding  brightness  in  summer.  The  per- 
centage of  winter  to  summer  illumination  is  somewhat  greater 
than  this,  since  the  brightness  of  the  sky  near  the  horizon  in 
terms  of  the  zenith  brightness  is  greater  in  winter  than  in  summer. 

In  the  Monthly  Weather  Review  for  November,  19 19,  47,  pp. 
yyo-yyi,  are  given  the  altitude  and  azimuth  of  the  sun  for  the 
21  St  day  of  each  month  and  for  even-hour  angles  of  the  sun  from 
the  meridian,  for  latitudes  30°,  36°,  42°,  and  48°  north.  Using 
the  azimuths  and  altitudes  for  latitude  42°  N.,  in  connection  with 
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Fig.    5. — Curves   of   summer   skylight   illumination    intensity    on   different    surfaces. 

Curve    I.      Clear   sky.      Vertical    surface    facing    0°    in    azimuth    from    sun. 

Curve  II.     Clear  sky.     Vertical   surface  facing  45°    in   azimuth   from   sun. 

Curve    III.      Clear    sky.      Vertical    surface    facing    70°    in    azimuth    from    sun. 

Curve   IV.      Clear  sky.     Vertical  surface   facing  90°    in   azimuth   from   sun. 

Curve   V.      Clear   sky.     Vertical   surface   facing    135°    in   azimuth    from    sun. 

Curve  VI.     Clear  sky.     Vertical   surface   facing    180°    in   azimuth   from    sun. 

Curve    VII.      Clear    sky.      Horizontal    surface. 

Curve    VIII.      Cloudy    sky.      Horizontal    surface.      (Note:    Double    the    intensity 
scale). 

Curve    IX.    Cloudy    .--ky.     Vertical    surface. 

the  illumination  intensity  curves  of  Figures  5  and  6,  Fig-ures 
7  to  iS  have  been  drawn.  Latitude  42°  N.  was  selected  be- 
cause many  important  industrial  districts  are  near  this  latitude, 
and  also  because  measurements  made  at  Washinixton.  latitude 
38'^  56'  N.,  and  Chica.i^^o,  111.,  latitude  41°  53'  N.,  repre.sent 
fairly  well  the  sky  bri^ditness  at  this  latitude  east  of  the  Mis- 
sissippi River,  h'arther  west  the  clear  sky  is  ^^enerally  a  deejK'r 
blue  and  not  so  bright.  Probably  clear  skies  averat^e  brii^hter 
in  low  than  in  hiuli  latitudes,  (.-specially  in  winter.  'IMiis  con- 
clusion  is   supported   by    Little's  measurements   made   near   Key 
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Fig.  6. — Curves  of  winter  skylight  illumination  intensity  on  different  surfaces. 
Curve  I.     Clear  sky.     Vertical  surface  facing  0°  in  azimuth  from  sun. 
Curve   II.     Clear   sky.     Vertical   surface   facing  45°    in   azimuth   from   sun. 
Curve  III.     Clear  sky.     Vertical   surface   facing   70°    in   azimuth   from   sun. 
Curve  IV.     Clear  sky.     Vertical  surface  facing-  90°   in  azimuth   from  sun. 
Curve  V.     Clear  sky.     Vertical  surface  facing   135°    in  azimuth  from  sun. 
Curve   VI.      Clear   sky.     Vertical   surface    facing    180°    in   azimuth   from   sun. 
Curve   VII.      Clear   sky.      Horizontal   surface. 


West,  Fla.,  in  February,  1918,  which  give  for  the  zenith  sky 
brightness  with  the  sun  at  altitudes  averaging  22.8°,  42°,  and 
53°,  390,  780,  and  1,150  milHlamberts,  respectively;  while  meas- 
usements  made  by  him  from  a  ship  off  Long  Island,  N.  Y.,  in 
October,  19 17,  give  for  the  sky  brightness  with  solar  altitudes 
averaging  20.8°,  and  41.2°,  296  and  495  milHlamberts,  respec- 
tively. The  latter  are  somewhat  lower  readings  than  those  ob- 
tained at  Washington  in  winter  with  similar  solar  altitudes,  while 
the  Key  West  measurements  are  considerably  higher. 
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Fig.     7. — Variations     in     skylight    illumination     on     vertical     surfaces     diflFerently 
oriented    at    latitude    42°     north    on    July    21.      Cloudless    sky.      Foot-candles. 
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Pili.    8.  -Illumination    from    a    cloudy    sky    on    a    vcrtirnl    surface    at    latituilc    42'^ 
north.      Fout-candlc:i. 
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Figure  7  shows  the  variations  with  the  hour  of  the  day  in  sky- 
light illumination  on  vertical  surfaces,  such  as  the  walls  of  build- 
ings, differently  oriented,  on  July  21,  at  latitude  42°  N.  with  a 
clear  sky.  The  maximum  illumination  is,  of  course,  on  a  vertical 
surface  facing  the  sun.  It  faces  about  east-northeast  at  sunrise, 
east  at  about  7 130  A.  M.,  south  at  noon,  west  at  about  4 130  P.  M., 
and  about  west-northwest  at  sunset.  The  minimum  illumina- 
tion is  on  a  vertical  surface  facing  180°  in  azimuth  from  the  sun, 
or  about  west-southwest  at  sunrise,  west  at  about  7:30  A.  M., 
north  at  noon,  east  at  about  4 130  P.  M.,  and  about  east-southeast 
at  sunset.  Taking  into  consideration  the  hours  between  7  A.  M. 
and  5  P.  M.,  which  cover  the  usual  working  day,  in  the  morning 
vertical  surfaces  facing  northwest  are  most  unfavorably  oriented 
for  illumination  from  a  clear  sky,  and  in  the  afternoon  vertical 
surfaces  facing  northeast.  On  the  other  hand,  surfaces  facing 
northwest  are  favorably  oriented  for  skylight  illumination  in  the 
afternoon,  and  those  facing  northeast,  in  the  morning. 

From  Table  IV  and  Figures  8,  9  and  10  we  derive  the  follow- 
ing: 

(i)  With  a  cloudy  sky  the  illumination  on  a  vertical  surface 
is  practically  independent  of  the  orientation  of  that  surface. 

(2)  With  a  cloudy  sky  the  illumination  on  a  horizontal  sur- 
face is  considerably  more  than  twice  that  on  a  vertical  surface, 
due  to  the  fact  that  the  point  of  maximum  brightness  of  a  cloudy 
sky  is  in  or  near  the  zenith. 

(3)  With  high  sun,  as  at  midday  in  summer,  the  illumination 
from  a  cloudy  sky  exceeds  that  from  a  clear  sky  except  on  verti- 
cal surfaces  facing  the  sun.  This  is  not  true  with  low  sun,  how- 
ever. 

The  eight  figures,  11  to  18,  inclusive,  give  the  illumination 
from  clear  skies  on  vertical  surfaces  oriented  as  indicated.  Were 
it  not  for  the  fact  that  clear  skies  in  July,  August,  September, 
October,  and  November,  are  on  the  average  whiter  and  therefore 
brighter  than  clear  skies  in  May,  April,  Alarch,  February,  and 
January,  respectively,  the  lines  of  equal  illumination  intensity 
would  be  nearly  symmetrical  on  each  side  of  a  vertical  line  repre- 
senting June  21. 
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Fig.    9. — Illumination    from    a    cloudy    sky    on    a    horizontal    surface    at    latitude 
42°    north.      Foot-candles. 
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Fig.    10.— Illumination    from    a   tloudIc.v»    .sky    on    .-»    hori/ontal    vjirfacc    at    latitude 
4^'^  north.     Foot-candlcit. 
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Fig.    II. — Illumination   from   a  cloudless  sky  on  a  vertical   surface   facing  north 
at  latitude  42°   north.     Foot-candles. 


Fig.  12. — Illumination  from  a  cloudless  sky  on  a  vertical  surface  facing  northeast, 
A.    M.,   or   northwest,    P.    M.,   at   latitude   42°    north.      Foot-candles. 
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Fig.    13. — Illumination    from    a   cloudless   sky    on    a   vertical    surface    facing   e^st, 
A.  M.,  or  west,  P.  M.,  at  latitude  42°  north.     Foot-candles 
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Filf.    I. J.-    Illumination    from    a    doudUss    hky    on    a    vertical    surface    facing    .south- 
east,   A.    M.   or   houthwcitt,    P.    M.,   at    latitude   42°    north.      Foot-candles. 
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Fig.    15. — Illumination   from   a  cloudless  sky   on   a   vertical   surface   facing   south 
at  latitude  42°   north.      Foot-candles. 
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Fig.    16. — Illumination   from   a  cloudless   sky   on   a   vertical   surface    facing  south- 
west, A.   M.,  or  southeast,   P.  M.,  at  latitude  42°   north.     Foot-candles. 
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Fig.    17. — Illumination    from    a   cloudless   sky   on   a   vertical   surface    facing    west, 
A.  M.,  or  east,  P.  M.,  at  latitude  42°  north.     Foot-candles. 
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Fig.    iK.- Illumination    from    a   clnudlrsn    sky    on    a    vertical    surface    f.iciiii;    north 
wc»t,   A.    M.,   or   northca.<)t,    P.    M.,   at   latitude    4.'°    north.      Footcandlcs. 
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These  figures,  like  Figure  7,  show  the  low  intensity  of  clear-sky 
illumination  during  the  morning  hours  on  a  vertical  surface 
facing  northwest  and  during  the  afternoon  hours  on  a  vertical 
surface  facing  northeast.  The  maximum  illumination,  slightly  in 
excess  of  1,400  foot-candles,  occurs  late  in  August  and  in  early 
September  at  midday,  on  a  vertical  surface  facing  south ;  from  the 
end  of  July  to  the  latter  part  of  September,  on  a  vertical  surface 
facing  southeast  at  10  A.  M.,  and  southwest  at  2  P.  M.,  and  from 
early  in  June  to  the  middle  of  August,  on  a  vertical  surface  facing 
east  at  8 :30  A.  M.,  and  west  at  3  :^o  P.  M.  Illumination  on  a  verti- 
cal surface  facing  north  is  good  throughout  the  day  in  summer 
but  poor  in  winter. 

In  the  report  for  1921*  it  was  shown  that  at  the  Federal  Build- 
ing, Chicago,  which  is  in  the  smoky  Loop  District,  the  illumina- 
tion on  a  vertical  surface  facing  180°  from  the  sun  is  only  about 
two-thirds  as  intense  as  at  Washington,  while  at  the  University 
of  Chicago  the  sky-brightness  and  the  illumination  measurements 
differ  but  little  from  the  corresponding  Washington  measure- 
ments. Table  V  gives  a  summary  of  comparisons  between  Wash- 
ington and  Chicago  illumination  measurements  on  a  horizontal 
surface,  and  on  a  vertical  facing  180°  from  the  sun,  under  winter 
conditions. 


TABIvE  v.— Ratio,  Chicago/Washington   I i^i^umi nation  from 

.Winter  Skies 


ON  HORIZONTAL,  SURFACE 


Federal  Building 

University  of  Chicago 

Solar  altitude 

Clear 
sky 

Cloudy 

sky 

Solar  altitude 

Clear 

sky 

Cloudy 

sky 

0° 

0.49 
1.05 
0.84 

0.90 
0.77 
0.82 

0° 
20° 
29'' 

0.48 

I-03 
1. 14 

0.69 
0.56 
0.76 

20° 

26° 

ON  VERTICAL,  SURFACE  FACING  180°  FROM  THE  SUN 


O' 
20*^ 

26° 


0.42 

0.85 

0.69 

0.54 

0.62 

0.88 

29^ 


0.46 

0.84 
0.97 


0.55 
0.56 

0.98 


*  Mo.   IVeathtr  Kev.,  Sept.,  1921,  49,  p.  482  and  p.  486. 
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The  darkening  effect  of  the  smoke  is  rather  more  pronounced 
in  winter  than  in   summer  on  a  vertical  surface    facing  away 
from  the  sun.    The  effect  is  sHght  at  both  seasons  of  the  year  on 
surfaces  facing  the  sun  when  no  clouds  are  present,  except  when 
the  sun  Is  near  the  horizon.    The  effect  is  closely  related  to  the 
velocity  of  the  wind.     With  light  wind,  and  especially  when  the 
sky  is  covered  with  clouds,  the  smoke  sometimes  forms  a  cover 
or  blanket  of  great  thickness  which  cuts  off  practically  all  the  day- 
light.   A  dark  day  results,  and  artificial  lighting  is  necessary  out- 
doors as  well  as  in.    No  such  days  are  included  in  the  sky-bright- 
ness  measurements   for   Chicago   here   considered,   although   on 
January  4,  with  the  sun  20°  above  the  horizon,  the  zenith  bright- 
ness was  only  150  milHlamberts,  and  2°  above  the  horizon  it 
averaged  only  ^^7  milHlamberts,  while  a  measurement  of  the  illumi- 
nation on  a  horizontal  surface  gave  only  34  foot-candles.    A  com- 
parison with  the  corresponding  data  of  Table  IV  shows  that  the 
zenith  brightness  was  15  per  cent  and  the  illumination  on  a  hori- 
zontal  surface   5   per  cent   that   for   Washington   with   average 
cloudy  conditions  and  the  sun  20°  above  the  horizon.    The  meas- 
urements show  that  the  smoke  cloud  varied  greatly  in  intensity 
during  the  period  of  observation. 

With  a  cloudless  sky,  and  solar  altitude  20°,  in  winter  the  in- 
tensity of  direct  solar  illumination  at  normal  incidence  at  Chi- 
cago averages  about  half  the  intensity  at  Washington;  in  summer, 
in  the  Loop  District,  with  solar  altitudes  20°  and  40°,  about 
three- fourths  as  intense. 

At  Washington,  with  a  clear  sky,  the  illumination  measure- 
ments on  both  a  horizontal  and  on  a  vertical  surface  vary  be- 
tween 150  p<,'r  cent  and  60  per  cent  of  the  values  given  in  Table 
IV.  With  a  cloudy  sky  the  variation  is  between  200  and  30  per 
cent.  When  rain  is  falling,  the  illumination  is  about  half  as  great 
as  the  average  for  cloudy  skies;  with  a  sky  partly  covered  with 
clouds,  the  illumination  on  a  horizontal  surface  may  l)e  from 
three  to  four  times  as  intense,  and  on  a  vertical  surface  two  to 
three  times  as  intense,  as  the  corresponding  illumination  from  a 
clear  sky  given  in  Tabic  IV. 
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From  seasonal  averages  of  sky  brightness  for  Davos  Platz, 
Switzerland,  given  by  Dorno,^  it  appears  that  when  expressed  in 
terms  of  the  zenith  brightness  the  sky  at  Davos  Platz  opposite  the 
sun  is  brighter  than  at  Washington.  The  zenith  brightness  in 
winter  averages  more  than  50  per  cent  brighter,  and  in  summer 
a  few  per  cent  less  bright  at  Davos  Platz  than  at  Washington. 
On  the  whole,  Davos  Platz  skies  when  free  from  clouds  are 
brighter  in  winter  and  less  bright  in  summer  than  at  Washington. 
Probably  the  increased  brightness  in  winter  is  due  in  part  to  re- 
flection of  light  from  the  snow-covered  surface. 

TOTAL   SOLAR  AND   SKY   ILLUMINATION 

In  the  Monthly  Weather  Review  for  November,  1919,  47,  p. 
785,  Table  XIV,  are  given  the  illumination  equivalents  of  solar 
energy  expressed  in  heat  units,  with  the  sun  at  different  altitudes. 
These  equivalents  were  derived  from  simultaneous  readings  made 
at  Mount  Weather,  Va.,  in  191 3-14,  with  a  pyrheliometer  and  a 
photometer.  The  photometer  had  its  uncompensated  test  plate 
exposed  horizontally,  and  the  error,  due  to  the  oblique  angle  at 
which  the  sun*s  rays  were  received,  was  unknown. 

TABLE  VL — Ii^LUMiNATiON  Equivalent  OF  i  Gram-Calory  per 
Minute  per  Square  Centimeter  of  Solar  Energy 
WITH  THE  Sun  at  Different  altitudes 


Air  mass.  .   .   . 

1.06 

1. 10 

1.50 

2.00 

2.  so 

300 

3-50 

4.00 

4-50 

5.00 

5-50 

Solar  altitude 

70O0 

65"o 

42°7 

30O0 

23^5 

IqO, 

16O4 

I4°3 

I2°6 

ii°3 

I0°2 

Foot-candles  . 

7,040 

7,020 

6,880 

6,740 

6,650 

6,580 

6,520 

6,460 

6,410 

6,370 

6,320 

In  the  measurements  made  at  Washington  in  1921-22  a  com- 
pensated test  plate  was  used,  and  the  certificate  furnished  by  the 
Electrical  Testing  Laboratories,  New  York,  shows  no  appreciable 
error  due  to  an  obliquity  in  the  angle  of  incidence  of  the  sun's 
rays.  Illumination  intensities  were  measured  with  the  test  plate 
horizontal  and  also  normal  to  the  incident  solar  rays,  but  the 
latter  measurements  were  given  twice  the  weight  of  the  former. 
Comparison  of  these  measurements  with  simultaneous  pyrhelio- 
metric  measurements  give  the  illumination  equivalents  of  Table 
VI.  These  are  considerably  higher  than  the  equivalents  deter- 
mined at  Mount  Weather,  and  particularly  with  low  sun,  as  one 
would  expect. 

•'Dome,  C.  Himmelshelligkeit,  Himmelspolarisation  und  Sonnenintensitat  in  Davos 
191 1  bis  1918.  Veroffentlichungcn  des  Preusischen  !Meteorlogischen  Instituts.,  Nr. 
303.     Abhandlungen   Bd.    VI,    Tabellen   4A   und    6. 
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Fig.     19. — Total     daylight    illumination    on    a    horizontal    surface    with    a    cloud- 
less  sky   at   latitude    42°    north.      Foot-candles. 

By  means  of  the  equivalents  of  Table  VI  and  the  solar  radiation 
intensity  at  normal  incidence  for  latitude  42°  N.,  given  in  the 
number  of  the  Review  above  quoted  (p.  773,  Table  Va),  the 
solar  illumination  intensities  of  Table  VII  have  been  obtained. 


TABLE  VIL— Solar  Ili^umination  Intensity  at  Normal  Incidence  at 
LvriTUDE42°  North,  with  a  Cloudiness  Skv  (East  of 
THE  Mississippi  River) 


Day 


Dec.  21 
Jan.  21 
Feb.  21 
Mar.  21 
Apr.  21 
May  21 
June  21 
July  21 
Auj^.  21 
Sept.  21 
Oct.  21 
Nov'.  21 


Hour  .ingle  of  sun  from  meridian 


7600 
8120 
9140 
9270 
9230 
9070 
9080 
9(^70 
8810 
8910 
8510 
8120 


7300 
7890 
9040 
9IIO 
9060 
8990 
9(j<x) 
8990 
8710 
8760 
8420 
7890 


6640 
7290 
844(j 
8710 

8630 

8740 
8670 

8510 
7960 
729<3 


5190 
6040 

7450 
7910 
8300 
8140 
8220 
8140 
7830 
7710 
6910 
5960 


2460 
3760 
6140 
6700 
73  SO 
7480 

743" 
7550 
6880 
6500 
5220 
339^ 


2460 
4650 
5860 
6260 
6420 
6330 
5460 

4590 
2100 


720 
3600 
47CK) 
48S0 
4830 
2990 

720 


1200 
2160 

I2(.)0 
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Representing  the  illumination  intensities  of  Table  VII  by./^, 
the  illumination  on  a  horizontal  surface,  I^,  and  on  a  vertical 
surface,  /^,  may  be  obtained  by  the  equations 

/h  =  /n  sin  a  (i) 

/v    =  /n  cos  a  cos  a  (  2  ) 

where  a  is  the  altitude  of  the  sun,  and  a  is  the  diiterence  be- 
tween the  sun's  azimuth  and  the  azimuth  of  a  line  normal  to  the 
vertical  surface.  The  surface  will  be  illuminated  by  the  sun  only 
when  the  value  of  a  is  less  than  90°. 

Adding  the  values  of  I^  to  the  skylight-illumination  values  for 
corresponding  days  and  hours  given  on  Figure  10,  we  obtain  the 
total  daylight  illumination  on  a  horizontal  surface  for  a  cloudless 
sky  of  average  brightness  at  latitude  42°  N.,  which  is  charted  on 
Figure  19. 

Similarly,  by  adding  the  values  of  /^  for  vertical  surfaces  facing 
the  eight  principal  points  of  the  compass  to  the  skylight  illumina- 
tion for  corresponding  days  and  hours  given  on  Figures  1 1  to  16, 
inclusive,  we  obtain  the  total  daylight  illumination  on  vertical  sur- 
faces facing  south ;  southeast  A.  M.,  or  southwest  P.  M. ;  south- 
west A.  M.,  or  southeast  P.  M. ;  east  A.  M.,  or  west  P.  M. ;  north- 
east A.  M.,  or  northwest  P.  M. ;  and  north;  as  given  on  Figures 
20  to  25,  inclusive. 

It  is  to  be  noted  that  with  north  solar  declination  all  vertical  sur- 
faces receive  direct  solar  radiation  during  only  a  part  of  the  day. 
During  the  remainder  of  the  day  the  total  daylight  illumination 
is  the  same  as  the  skylight  illumination  on  Figures  11  to  18,  in- 
clusive. 

The  data  of  Figures  i  to  25,  inclusive,  assume  that  the  surface 
under  consideration  has  an  unobstructed  exposure  to  the  sky. 
Where  a  part  of  the  sky  is  cut  off  by  adjacent  buildings  or  other 
obstructions,  the  shading  effect  of  such  obstructions  may  be  deter- 
mined by  the  method  given  in  the  previous  report.® 

This  shading  effect,  and  also  the  reflection  of  daylight  from 
surrounding  objects,  will  receive  more  detailed  consideration  in  a 
later  report. 

'^Trans.,    Ilium.    Eng.   Soc,    Vol.  XVl,  p.  270;  Mo.   IVeather  Rev.,  Sept.,  1921,  49, 
p.   486. 
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Fig.    20. — Total    daylight    illumination    on    a    vertical    surface    facing    south    with 
a   cloudless  sky   at   latitude   42°    north.      Foot-candles. 


^C      JAN.        FIEB        MAR        APR        MAY        JUNE       JULY       AUG       SEPJ       ^^^_  .  ^^^     ■   °^^ 


Fig.     21. — Total     daylight    illuiiiiiiation    on     a    vertical     surface    facing    9outhca.st, 
A.  M.,  or  southwest,   I*.   M.,  with  a  cloudless  sky  at  latitude  4-'"^   north.      Footcandlc.s. 
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Fig.    22. — Total    daylight    illumination    on    a    vertical    surface    facing    southwest, 
A.  M.,  or  southeast  P.  M.,  with  a  cloudless  sky  at  latitude  4.2°   north.     Foot-candles. 


FEB.       MAR.       APR.        MAY       JUNE      JULY       AUG       SEPT      OCT        NOV       DEC. 


Fig.    23. — Total    daylight   illumination    on    a   vertical    surface    facing   east,    A.    M., 
or   west   P.   M.,   with   a  cloudless  sky   at   latitude   42°   north.      Foot-candles. 
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Fig.    24. — Total    daylight    illumination    on    a    vertical    surface    facing    northeast, 
A.  M.,  or  northwest  P.  M.,  with  a  cloudless  sky  at  latitude  42°   north.     Foot-candles. 


JAN        FEB        MAR.       APR        MAY       JUNE      JULY       AUG.       SEPT       OCT.       NOV.       DEC 


Fig-     ^S- — Total    dayliK'lit    illiiiniti;niuii    on    a    vi-rtical    surface    facing    north    with 
a    cloudiest!    Hky    at    latitude    4J"    north.       Foot  candles. 
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Fig.  26. — Determination  of  the  angle  of  incidence  of  solar  rays  with  a  sloping 
surface. 

DAYI.IGHT  ILI^UMINATION  ON  SLOPING  SURFACES 

The  intensity  of  solar  radiation  on  surfaces  sloping  in  different 
directions  should  be  of  importance  to  agriculturalists  and  engi- 
neersj  Illumination  intensities  on  such  surfaces  are  of  especial 
interest  in  connection  with  the  lighting  of  industrial  plants  by 
means  of  the  so-called  saw-tooth-roof  construction. 

The  computation  of  direct  solar  illumination  on  sloping  surfaces 
presents  no  special  difficulties.  Let  v,  Figure  26,  represent  the 
angle  between  the  sloping  surface  and  a  horizontal  surface;  zv, 
the  difference  between  the  azimuth  bearing  of  AF,  the  intersec- 
tion of  these  two  surfaces,  and  AB,  representing  the  sun's  azi- 
muth; and  X,  the  angle  between  the  intersections  of  a  plane  in 
the  sun's  vertical  with  the  sloping  surface  and  with  a  horizontal 
surface.    Then 

tan  X  =  sin  w  tan  v,  and  a'  =  a  -\-  x  (3)  ** 

'^Mo.    Weather    Rev.,    Nov.,    1919,    47,    p.    781. 

"In  Daylight  vs.  Sunlight  in  Sawtooth-Roof  Construction.,  Transactions  Ameri- 
can Society  of  Mechanical  Engineers,  40,  pp.  603-625,  W.  S.  Brown  derives  this 
equation  as  follows: 

AE  _  cos  V 
ED  sin  V 
Similarly,  AB    -  ED  cot  x\  and  sin  w  — 


.'.    AE  ~  ED  cot  V. 
AE         cot  V 


AB 


cot  X 


from  which  tan  x  ---^  sin  w  tan  v. 
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where  a  is  the  altitude  of  the  sun  and  a'  is  the  angle  between  the 
incident  solar  rays  and  the  sloping  surface. 

To  obtain  the  intensity  of  solar  illumination  on  a  sloping  sur- 
face we  have  only  to  substitute  a'  for  a  in  equation  ( i ) . 

We  may  also  obtain  a'  by  first  determining  the  latitude  and 
longitude  of  a  point  at  which  a  horizontal  surface  is  parallel  to 
the  sloping  surface,  by  the  method  given  in  the  Monthly  Weather 
Review,  November,  19 19,  47,  p.  781.^  Making  allowance  for  the 
difference  in  time  represented  by  the  difference  in  longitude  of 
the  sloping  surface  and  its  parallel  horizontal  surface,  we  may 
obtain  directly  from  an  altitude  table  the  altitude  of  the  sun  at 
the  latitude  of  the  horizontal  surface,  and  therefore  the  angle  a' 
which  the  incident  solar  rays  make  with  the  sloping  surface  at  any 
hour  of  any  day  of  the  year. 

The  computation  of  the  skylight  illumination  on  sloping  sur- 
faces requires  the  replotting  of  the  sky-brightness  measurements 
for  each  surface  considered. 

I'igure  27  shows  the  data  for  a  clear  sky  with  the  sun  at  altitude 
40°,  projected  on  a  surface  for  which  90°  — zv  =  45°  and  v  =  10^ 
(surface  80°  out  of  the  vertical  and  facing  45°  in  azimuth  from 
the  sun).  In  this  case  the  zenith  of  the  sky  falls  10°  from  the 
zenith  of  the  sloping  surface.  The  line  of  the  horizon  from  azi- 
muth -f-  45°  to  —  135°  with  reference  to  the  sun,  and  the  lines  on 
which  the  sky-brightness  measurements  are  to  be  plotted,  have 
been  determined  by  means  of  the  methods  given  under  Solution 
of  Problems  in  Stereographic  Projections"  (pp.  52-58),  in  General 
Theory  of  Polyconic  Projections,  by  Oscar  S.  Adams,  United 
States  Coast  and  Geodetic  Survey,  Special  Publication  No.  57, 
Serial  No.  no. 

"Note. — In  lines  15  and  16  from  the  bottom  of  the  second  column  of  the  page 
referred  to,  the  words  "longitude"  and  "latitude"  should  be  interchanged.  The 
difference  in  latitude  between  the  sloping  surface  and  its  parallel  horizontal  surface 
is  given  by  the  equation 

tan  S.t>  -^  ^"^  "' 


cot  7/ 
and    the    difT(.rtncc    in    longitude    by    the    equation 

sin  A  A       sin  a'  sin  v 
where  «'  in  the  azinuitli   i;i   v.liich   the  sloping  surface   faces,   and  :•  its   angle  of  slope. 
When   tt         ()0  or  I'vj''   ,,iii  A  a       o,    .uul    tan  tun  f.      That    is,    the    sloping    surface 

and    the    parallel    horizontal    surface    have    the    same    longitude,    and    the    dilTcrcncc    ia 
latitude   ecjuah   the   an^lc   of   slope,   f. 
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Fig.   27. — Stereographic  projection  of  sky-brightness  measurements  on   a  sloping 
surface. 

It  is  to  be  noted  that  the  location  of  the  line  of  the  horizon 
consists  in  passing  a  circle  through  two  given  points,  when  the 
center  of  the  circle  falls  on  a  given  line.  Or,  it  may  also  be  de- 
termined by  passing  a  circle  through  three  given  points,  as  is  the 
location  of  the  lines  on  which  the  sky-brightness  measurements 
are  to  be  plotted. 

On  Figure  2y  the  brightness  of  the  entire  sky  is  shown  with  the 
exception  of  a  spherical  lune  which  falls  below  the  plane  of  pro- 
jection on  the  side  WNE.,  and  for  which  the  maximum  width  is 
10°  at  N.  The  sky-brightness  values  that  have  been  obtained  by 
measurement  on  the  half  of  the  sky  on  one  side  of  the  sun's  verti- 
cal have  been  plotted  on  both  sides  of  this  vertical. 

In  Tables  VIII  and  IX  is  given  the  total  (solar  -|-  sky)  illumi- 
nation on  surfaces  sloping  in  southerly  directions,  as  indicated. 
In  Tables  X  and  XI  is  given  the  skylight  illumination  on  surfaces 
sloping  in  northerly  directions  as  indicated.  In  Table  XII  is 
given  the  ratio  of  the  total  illumination  to  the  sky  illumination  on 
surfaces  facing  opposite  each  other  in  azimuth. 
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TABLE  VIII. — Total  Illumination  on  Surfaces  Sloping  South 


Date 


Hour  angle  of  the  sun  from  meridan 


123456 


Foot-candles 


Surface  sloping  10°  from  horizontal 


Dec.  21 
Jan.  21 
Feb.  21 
Mar.  21 
Apr.  21 
May  21 
June  21 
July  21 
Aug.  21 
Sept.  21 
Oct.  21 
Nov.  21 


Dec.  21 
Jan.  21 
Feb.  21 
Mar.  21 
Apr.  21 
May  21 
June  21 
July  21 
Aug.  21 
Sept.  2 1 
Oct.  21 
Nov.  21 

Dec.  a  I 
Jan.  21 
Feb.  21 
Mar.  21 
Apr.  21 
May  21 
June  21 
July  21 
Au^.  21 
Sept.  2 1 
Oct.  21 
Nov.  21 


5,220 

6,000 

7,890 

9,250 

10,230 

10,690 

10,980 

10,820 

10,050 

9.150 

7,550 

6,060 


4,810 

5,590 

7,520 

8,800 

9,780 

10,280 

10,530 

10,390 

9,660 

8,730 

7,220 

5,640 


3,800 
4,560 
6,280 
7,660 
8,700 
9,110 
9,460 
9,270 
8,580 
7,730 
6,090 

4,590 


2,280 
2,910 
4,480 
5.880 
7,040 
7.530 
7.830 
7,610 
6,920 
5.910 
4,280 
2,890 


656 
1,140 
2,240 
3,660 
4,910 
5,570 
5.820 
5,700 

4,790 
3.720 
2,250 
1,070 


486 
1,560 
2,640 
3.340 
3.730 
3.460 
2,620 
1,680 

440 


82 

720 

1,420 

1,720 

1,500 

710 

98 


Surface  sloping  20°  from  horizontal 


6,300 

7,070 

8,870 

10,050 

10,770 

11,060 

11,260 

11,180 

10,590 

9.930 

8,510 

7.130 


5.820; 

6,600! 

8,5oo| 

9.550 1 
10,310 
10,490 
10,640 

10,590! 
10,090' 

9.450! 
8,130 
6,660 1 


4.690 

5.460 

7,i4o| 

8,250] 

9.0501 

9.230; 

9.460 

9.320 

8,890 

8,310 

6,890 

5.500 


2,890 
3.600 
5.120 
6,310 
7.250 
7,510 
7.750 
7.580 
7,120 
6,360 
4,920 
3.580 


900 
1,490 
2,910 
3.940 
4,950 
5.400 
5.610 
5.570 
4.830 
3.980 
2,630 
1,380 


600 
1,630 
2,540 
3,100 
3.360 
3,220 
2,540 
1,680 

550 


47 

630 

1,180 

1,380 

1,190 

620 

61 


Surface  sloping  30°  from  horizontal 


7,220 

7.790 

9,690 

10,640 

1 1,100 

10,960 

10,970 

I  1,060 

10,910 

10,520 

9.250 

3.050 


6,680 
7.360 
9,220 

9.990 

10.340 

10,320 

10,320 

10,400 

10,210 

9.860 

8.790 

7.410 


5.410 
6,190 
7,720 

8,590 
9,040 
8,990 

9.150 
9,120 
8.900 
8,660 
7.420 
6,230 


3.440 
4,150 
5.680 
6,550 
7,120 
7,260 
7,420 

7,020 
6,650 
5.380 
4 , 1 60 


140 
820 
250 
no 
870 
100 
200 
220 
650 
180 
940 
6S0 


720 
1,700 
2,39<.> 
2.740 
2,960 
2.870 
2.650 

I.StK) 
650 


50 
470 

875 

1,040 

880 

5tK) 

62 


154 
280 

195 


141 

2^2 

156 


134 
156 


466 
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Dec. 

Jan. 
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Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept 

Oct. 

Nov. 
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TABLE  X.— Skywght  Ii^lumimation  on  Surfaces  Sloping  North 


Date 


Dec.  21 
Jan.  21. 
Feb.  21 
Mar.  21 
Apr.  21 
May  21 
June  21 
July  21. 
Aug.  21 . 
Sept. 21. 
Oct.  21. 
Nov.  21 . 


Hour  angle  of  sun  from  meridian 


Foot-candles 


Surface  sloping  10°  from  vertical 


Dec.  21 
Jan.  21 
Feb.  21 
Mar.  21 
Apr.  21 
May  21 
June  21 
July  21 
Aug.  21 
Sept. 2 1 
Oct.  21 
Nov.  21 


310 
320 
340 
421 
520 

554 
580 
580 
570 
468 
368 
333 


Dec.  21 
Jan.  21 
Feb.  21 
Mar.  21 
Apr.  21 
May  21 
June  21 
July  21 
Aug.  21 
Sept. 21 
Oct.  21 
Nov.  21 


355 
362 

390 
489 
619 
660 
698 
691 
671 
542 
430 
378 


377 
398 
431 
569 
754 
801 
8^0 

837 
828 

631 

473 
413 


310 

330 
352 
428 
540 
600 
640 

635 
605 

480 

386 

343 


285 
310 
348 
406 
562 
660 
758 

733 
610 
462 
372 
328 


221 

259 
340 
429 

564 
685 
770 
730 
635 
494 
374 
270 


115 
160 

293 
436 

550 
641 

740 
712 
629 
487 
331 
167 


112 

327 
485 
650 
790 
700 
560 
354 
147 


48 
346 

590 
719 
630 

371 
72 


Surface  ."sloping  20°  from  vertical 


350 
365 
400 

498 
635 
720 

777 
760 
710 
560 
446 
394 


320 

355 
410 

471 
638 
782 
888 
874 
715 
538 
460 
366 


236 
276 

395 
516 
640 

805 
901 
860 

730 
558 
420 

278 


112 
172 

294 
486 
642 

759 
956 
834 
730 

555 
338 
182 


120 
416 

589 
764 
879 

817 
660 

411 
122 


46 
412 
625 

750 

720 

418 

60 


Surface  sloping  30°  from  vertical 


380 
407 
450 
575 
760 

873 
920 
917 
870 
645 
497 
423 


345 
3S4 
441 

524 
742 
913 
i<>35 
998 
840 

596 
5t>2 
417 


255 
302 
424 
572 

753 

88  2 

1,028 

Q90 

837 
630 
472 
323 


120 
172 
341 

582 

745 
898 

1.035 
9S0 
8  so 
626 
378 
200 


M7 
451 
651 
871 
1,004 
962 
735 
465 
189 


47 
409 

643 
770 

655 

442 

58 


228 

365 
288 


241 

365 
312 


200 

337 
217 
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TABLE  XL 


-Skylight  Illumination  on  Surfacbs  Sloping 
Northeast  or  Northwest 


Hour  angle  of  sun  from  meridian 

Date 

7|6|5|4|3|2         i|o|l|2J3 

1     ^ 

5 

6    1    7 

A.  M.,  sloping  NE.;  P.  M.,  sloping 
NW. 

P.  M.,  sloping  NE.; 
NW. 

A..  M. 

,  sloping 

Foot-candles 

Surface  sloping  10°  from  vertical 

Dec.  21   .   . 

122 

292 

380 

380 

336 

317 

298 

186 

108 

Jan.  21 
Feb.  ai 

,      , 

230 

355 

418 

418 

.151 

3.30 

.•^07 

245 

142 

.   . 

,      , 

152 

457 

^03 

478 

445 

375 

360 

338 

308 

236 

97 

Mar.  21 

80 

630 

780 

660 

614 

544 

4^5 

425 

373 

370 

325 

24s 

42 

Apr.  21 

650 

9«5 

990 

920 

790 

700 

569 

527 

4<'5 

410 

375 

320 

220 

May  31 

450 

1,150 

1,300 

1,340 

1,100 

I.OIO 

815 

624 

575 

540 

485 

425 

430 

330 

150 

June  21 

600 

1,-^SO 

1,500 

1,325 

1,383 

1,070 

900 

661 

boo 

590 

533 

478 

475 

400 

180 

July  21 

450 

1,220 

1,500 

1,300 

1,130 

i,200 

870 

660 

600 

5»5 

510 

440 

450 

380 

120 

Aug.  21 

900 

1,110 

1,080 

1,080 

1.000 

830 

640 

588 

520 

465 

430 

355 

275 

Sept.  21 

. 

108 

700 

860 

760 

670 

655 

529 

470 

420 

400 

360 

260 

47 

Oct.  21 

iHs 

496 

.597 

562 

529 

402 

358 

335 

310 

230 

97 

.   . 

Nov.  21 

•   • 

ifcS 

376 

444 

488 

372 

345 

308 

242 

148 

•   • 

Surface  sloping  20°  from  vertical 

170 

337 

405 

440 

391 

370 

308 

235 

105 

Jan.  21 
Feb.  21 
Mar.  21 
Apr.  21 
May  31 
June  21 
July  21 
Aug.  21 
Sept. 21 
Oct.  21 
Nov.  21 

.   . 

230 

402 

480 

525 

418 

385 

340 

357 

145 

203 

502 

580 

580 

565 

440 

420 

380 

345 

250 

98 

78 

640 

755 

7H5 

705 

660 

547 

495 

425 

370 

360 

245 

3H 

720 

980 

1,050 

1,010 

935 

810 

676 

625 

550 

4«5 

440 

355 

225 

450 

1,050 

1,360 

1,280 

1,190 

1,125 

935 

747 

690 

655 

560 

490 

500 

360 

130 

600 

1,350 

1,500 

1,420 

1,300 

1,210 

1,070 

800 

730 

685 

630 

530 

570 

450 

165 

450 

1,220 

1,500 

1,320 

1,300 

1,195 

1,020 

792 

715 

b75 

605 

508 

530 

420 

115 

900 

1,080 

1,140 

1,220 

1,080 

930 

760 

685 

610 

535 

480 

390 

240 

105 

680 

935 

1,010 

803 

750 

624 

560 

492 

450 

375 

262 

44 

185 

500 

684 

680 

638 

488 

460 

425 

365 

260 

91 

247 

424 

518 

55b 

440 

394 

340 

275 

125 

Dec.  21    .   . 

Surface  sloping  30°  from  vertical 

220 

320 

430 

480 

420 

387 

340 

255 

135 

Jan.  21 
Feb.  21 

285 

455 

550 

580 

448 

422 

375 

294 

164 

.    . 

202 

5.-^o 

6bo 

645 

592 

491 

450 

428 

400 

277 

107 

Mar.  21 

69 

625 

840 

975 

980 

790 

640 

570 

486 

425 

385 

290 

42 

Apr.  21 

7S5 

910 

950 

1,200 

1,050 

920 

824 

785 

650 

525 

475 

385 

240 

May  21 

450 

1,050 

1,320 

1,350 

i,3Ho 

1,300 

1,100 

888 

830 

800 

665 

530 

535 

390 

120 

June  21 

600 

1,-^SO 

1,500 

1,450 

1,360 

1,350 

1,180 

941 

^55 

840 

738 

595 

600 

445 

220 

July  21 

450 

1,220 

1,500 

1,400 

1,400 

1,320 

1,160 

949 

870 

835 

695 

575 

535 

430 

140 

Aug.  21 

900 

i,o«5 

1,270 

1,320 

1,200 

1,070 

928 

850 

720 

620 

510 

425 

270 

Sept. 21 

100 

740 

960 

810 

857 

910 

730 

627 

535 

485 

420 

310 

48 

.   , 

Oct.  21 

21=; 

580 

784 

750 

847 

524 

505 

470 

415 

275 

107 

,   . 

Nov.  21 

326 

510 

620 

590 

484 

440 

380 

285 

167 

•   • 
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TABLE  XII.— Ratio  OF  Total  Illumination,  T,  to 
Sky  Illumination,  S 


cloudless  sky,  latitude  42°  N. 


Date 


Dec.  21 
Feb.  21 
Apr.  21 
June  21 
Aug.  21 
Oct.  21 

Dec.  21 
Feb.  21 
Apr.  21 
June  21 
Aug.  21 
Oct.  21 

Dec.  21 
Feb.  21 
Apr.  21 
June  21 
Aug.  21 
Oct.   21 


Date 


Dec.  21 
Feb.  21 

Aj)r.  21 
June  21 
Aug.  21 
Oct.    21 


Hour  angle  of  sun  from  meridian 


I 

2 

?, 

4 

5 

6 

T.  vertical  surface  facing  south;  S,  vertical  surface  facing  north 


29 

28 

13 

9 

12 

25 


27 
26 
12 

7 
II 

23 


22 
22 
10 
5 
9 
20 


22 

17 

7 

3 

6 

15 


16 
12 

4 
I.I 

3 
II 


8 

1.4 

0-3 
I 

5 


0-3 
0.2 

05 


0.1 


T,  surface  sloping  south  10°  from  horizontal;   S,  sloping  north 
10°  from  vertical 


18 

23 
20 

19 
18 
20 


16 
21 
18 
16 
16 
19 


13 
18 
16 
12 

14 
16 


10 

13 
12 
10 
II 
II 


0.8 


T.  surface  sloping  south  30°  from  horizontal; 
S.  sloping  north  30°  from  vertical 


19 
22 

15 
13 
13 
20 


18 
20 

14 
II 
12 
18 


16 
18 
12 

9 
II 

15 


14 
13 
ID 

7 

8 

II 


ID 
10 

6 

5 
6 
8 


1.2 
1.4 
I.I 


0.7 


hour  anglk  of  sun  from  meridian 


T,  surface  facing  SK.,  A.  M., 
or  S\V..  1'.  M. 

S,  surface  facing  NW.,  A.  M., 
or  NK..  P.  M. 


T,  surface  facing  S\V.,  A    M 
or  SK..  P.  M. 

S,  surface  facing  NK.,  A    M 
or  NW.,  P.  M. 


Surfaces  vertical 


14 

8 

II 


30 
17 
1 1 

24 


28 

30 
22 
16 
18 
25 


29 
28 
21 

14 
18 

25 


28 
28 

17 
II 

15 
24 


24 
24 
13 

9 
12 

20 


20 

19 

9 

6 

8 

16 


12 
10 

4 
1.6 

3 
9 


7 

4 

0.9 

0.7 

0.9 

4 


2 

0.9 

0.6 

05 
0.6 
0.9 


0.7 
0.6 
0.4 

<-^-3 
0.4 
0.6 


05 
03 
0-3 
^•3 


03 
"•3 


4/0 


TRANSACTIONS   I.   E).    S.,    MAY,    I923 


TABLE  'KU.— {Continued)— Ratio  of  Totai,  Illumination,  T,  to 

Sky  Illumination,  S 


HOUR  ANGLE  OF  SUN  FROM  MERIDIAN 


Date 


Dec 

21 

Feb. 

21 

Apr. 

21 

June 

21 

Aug. 

21 

Oct: 

21 

Dec. 

21 

Feb. 

21 

Apr. 

21 

June 

21 

Aug. 

21 

Oct. 

21 

65         4      3  21 


4      5  67 


T,  surface  sloping  10°  from  horizontal;  S,  10°  from  vertical 


8 
10 
10 

9 
7 


8 

13 
15 
14 
13 
12 


14 
16 
18 
16 
16 
15 


13 
19 
19 
17 
17 
19 


15 
21 
18 

17 
18 
20 


14 
20 

17 
16 

15 
18 


II 
15 
13 
II 
II 
12 


8 
II 

10 


1.2 

2 
2 
2 
i.o 


0.5 
0.9 
0.4 


0.4 


T,  surface  sloping  30°  from  horirontal;  S,  30°  from  vertical 


14 
12 

9 

10 
12 


12 
18 
15 
13 
13 
16 


16 

18 
17 
13 
14 
16 


17 
20 
16 

13 
14 
17 


16 
20 

14 

13 
12 

17 


14 
17 
12 
II 
II 
16 


10 
12 

9 

8 
8 
8 


0.8 
1.6 
2.4 

1.9 

1.7 
1.4 


0.9 
0.6 
0.7 

0.5 
0.7 


0.3 

o'3 


0-3 


Table  VIII  shows  that  in  general  on  surfaces  sloping  south  and 
with  south  solar  declination  the  total  illumination  increases  with  v. 
With  north  solar  declination  the  illumination  reaches  a  maximum 
in  the  middle  of  the  day  when  v  equals  about  20°,  and  decreases 
as  V  increases  with  the  sun  near  the  horizon. 

Table  IX  shows  that  in  the  morning  on  surfaces  facing  south- 
east, and  in  the  afternoon  on  surfaces  facing  southwest,  there  is 
an  increase  in  the  total  illumination  with  increase  in  v,  except 
near  midday  in  midsummer  w^ith  v  greater  than  about  20°.  Also 
in  the  morning,  on  surfaces  facing  southwest,  and  in  the  afternoon, 
on  surfaces  facing  southeast,  the  illumination  generally  decreases 
with  increase  in  v,  except  near  midday  with  south  solar  declina- 
tion. 

Tables  X  and  XI  show  an  increase  with  z;  in  skylight  illumina- 
tion on  vertical  surfaces  sloping  northward,  as  one  would  expect. 
It  must  be  remembered,  however,  that  with  saw-tooth  construc- 
tion a  very  considerable  part  of  the  skylight  is  cut  off  by  shading. 
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This  is  unimportant  when  considering  the  total  illumination  on 
surfaces  sloping  in  a  southerly  direction,  but  becomes  important 
in  connection  with  the  skylight  illumination  on  surfaces  facing 
towards  the  north,  since  it  is  the  brightest  part  of  the  sky  that  is 
cut  off. 

Let  it  be  assumed  that  the  ridges  of  the  saw-teeth  of  the  roof 
are  horizontal,  and  of  infinite  length,  and  let  6  ==  the  maximum 
angular  width  of  the  spherical  lune  of  the  sky  cut  off.  Then 
Table  XIII  gives  the  percentages  of  decrease  in  the  skylight  illu- 

TABLE  XIII. — Shading  Effect  in  Saw-Tooth  Roof  Construction 


f^Qp jj,_ 

Solar  altitude 

e 

2'P 

40= 

60° 

7cO 

PERCENTAGE   OF   SKYLIGHT   CUT   OFF 

O 

Surface  lo  degrees  out  of  vertic 

al 

0 

I  80 

32 

24 

20 

17 

10 

135 

26 

25 

18 

17 

10 

90 

25 

19 

17 

15 

10 

Surface  20  degrees  out  of  vertic.n 

1 

180 

43 

i          37            1          31 

Surface  30  degrees  out  of  vertici 

25 
il 

180 

39 

33 

24 

21 

20 

135 

38 

28 

23 

21 

20 

90 

34 

26 

24 

18 

20 

180 

53 

44 

33 

31 

30 

135 

50 

41 

33 

28 

30 

90 

46 

37 

33 

30 

30 

Surface  60  degrees  out  of  vertic 

al 

0 

19 

II 

6 

6 

10 

45 

14 

9 

6 

5 

10 

90 

9 

7 

5 

4 

10 

0 

53 

39 

23 

21 

30 

45 

44 

32 

22 

21 

3" 

90 

28 

22 

18 

16 

3^> 

Surface  So  degrees  out  of  verticn 

1 

0 

11 

6 

3 

3 

10 

45 

9 

5 

3 

3 

10 

90 

4 

3 

2 

2 

10 

0 

35 

29 

18 

15 

3<^> 

45 

32 

21 

13 

12 

30 

90 

16 

12 

10 

9 

3^ 

0 

64 

54 

36 

30 

50 

45 

55 

42 

28 

27 

5" 

90 

30 

23 

20 

»9 

5^> 
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Fig.  28. — Cross  section  of  a  saw-tooth  roof. 

mination,^^  due  to  shading  by  the  adjacent  saw  tooth. 

Table  XII  shows  that  during  most  of  the  working  hours  of  the 
day  (except  in  midsummer)  the  total  daylight  illumination  on 
surfaces  sloping  southward  exceeds  by  more  than  tenfold  the  sky- 
light illumination  on  surfaces  sloping  northward. 

Computations  from  the  sky-brightness  data  given  in  Trans- 
actions, Illuminating  Engineering  Society,  Vol.  XVI,  p.  260,  Fig- 
ures 6  and  7,  show  that  skylight  illumination  on  vertical  or  sloping 
surfaces  facing  away  from  the  sun  is  about  twice  as  intense  when 
the  sky  is  covered  with  thin  clouds  or  haze  or  partly  covered  with 
white  clouds,  which  is  its  usual  condition,  as  v/hen  clear.  The 
total  (solar  -|-  sky)  illumination  on  surfaces  facing  the  sun  is 
usually  diminished  by  the  presence  of  haze  or  clouds  of  the  above 
character.  In  consequence,  when  the  angle  w  lies  between  about 
45°  and  135°,  the  ratios  of  Table  XII  will  be  diminished,  on  the 
average,  by  at  least  one-half,  and  will  vary  in  value  from  their 
maxima  with  clear-sky  conditions,  given  in  Table  XII,  to  about 
2  for  a  sky  completely  covered  with  dense  clouds.  This  will 
be  made  clear  from  a  comparison  of  the  sky-brightness  data  of 
Figures  4  (opposite  p.  259)  and  13  (p.  263)  with  Figures  6,  7 
and  8  (p.  260)  and  11  (p.  262),  Transactions,  Illuminating 
Engineering  Society,  Vol.  XVI,  October,  1921,  and  Figure  3  (p. 
442)  of  this  paper;  and  by  reference  to  the  illumination  intensities 
of  Table  IV  (p.  443)  of  this  paper. 

These  ratios  are  of  use  in  computing  the  daylight  that  can  be 
made  available  for  illuminating  working  space  in  a  building 
through  saw-tooth-roof  construction.  In  general,  there  are  two 
sources  from  which  the  light  may  be  obtained  as  follows : 

"The  percentages  of  Table  XIII  have  been  computed  from  Figure  27  and  other 
similar  figures.  See  also  Trans.,  Ilium.  Eng.  Soc,  Vol.  XVI,  p.  270  and  Mo.  Weather 
Rcvirw,  Sept  ,   1921,  49,   p.  4K0. 


DAYI.IGHT    II.LUMINATION    ON    SURFACES  473 

(i)  Light  from  the  northern  sky  incident  at  the  working 
space,  or  reflected  thereto  from  the  ceiHng  of  the  saw-tooth  roof 
(sky  angles  Si  to  So,  and  S%  to  S'^,  respectively.  Figure  28). 

(2)  Solar  and  skylight  reflected  from  the  outside  surface  of 
the  saw-tooth  directly  to  the  working  space,  or  through  a  second- 
ary reflection  from  the  ceiling  of  the  saw-tooth  roof  (roof  angles 
^1  to  o,  and  t\  to  t'\,  Figure  28). 

It  is  to  be  understood  that  the  angles  here  shown  are  cross- 
sections  of  spherical  wedges. 

Assuming  the  ratio  of  the  intensity  of  the  total  light  reaching 
the  southerly-sloping  roof  surface  of  a  saw-tooth  window,  AB 
(Figure  28)  to  the  light  received  from  the  sky  on  the  northerly- 
sloping  window  surface  CD'  (Figure  28)  to  be  4,  Brown^^  com- 
puted the  relative  values  of  (i)  and  (2)  to  be  14.6  and  6.1, 
respectively. 

Let  us  consider  a  saw-tooth  construction  that  gives  a  window 
surface  facing  north  and  sloping  20°  from  the  vertical,  and  a  roof 
surface  sloping  south  20°  from  the  horizontal.  Let  the  latitude 
be  42°  north,  the  sky  clear,  the  date  March  21,  and  the  hour  10 
A.  M.,  or  2  P.  M.,  apparent  time.  The  solar  altitude  will  be  40° 
and  its  azimuth  41°.  Disregarding  shading,  Tables  VIII  and  X 
give  8,250  and  471  foot-candles  for  the  illumination  intensity  on 
the  roof  surface  and  the  window  surface,  respectively,  the  ratio 
of  the  former  to  the  latter  being  18. 

The  ridge  of  the  adjacent  saw  tooth  would  cut  off  from  the 
window  a  spherical  wedge  near  the  horizon  for  which  the  average 
value  of  6  would  be  about  10°.  The  window  is  facing  139°  from 
the  sun,  and  from  Table  XIII  it  is  estimated  that  the  shading  by 
the  rf)of  diminishes  the  skylight  illumination  at  the  window  sur- 
face 20  i)er  cent.  The  roof  between  B  and  E  will  be  in  sunlight, 
and  between  E  and  A  it  will  be  illuminated  by  skylight  only.  We 
may  therefore  disregard  the  small  (juantity  of  light  this  latter  can 
reflect  to  the  under  side  of  A'B'.  The  skylight  from  a  si)herical 
lune  near  the  southern  horizon  for  which  6  averages  about  30" 
will  be  cut  off  from  1)E  by  the  adjacent  saw  tooth,  b'rom  Table 
XIII  we  estimate  that  llu-  illntninalion  from  skylight  will  be  de- 
creasfcl  by  about  J7  \wy  cent.  Therefore,  the  available  sky  illu- 
mination  on    the   north-sloping    window    surface    is    471    X    0.80 

"I<oc.   cit.,    p.    Gio. 
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=  377,  and  on  the  south-sloping  roof  surface  it  is  i,ioo  X  0-73 
=  800  foot-candles.  The  total  illumination  on  the  south-sloping 
roof  surface  is  7,950  foot-candles,  and  its  ratio  to  the  illumination 
on  the  window  surface  is  7,950/377  =  21.  Substituting  this 
value  for  4,  we  obtain  for  the  relative  values  of  (i)  and  (2)  14.6 
and  32,  respectively.  Or,  if  we  suppose  the  sky  to  be  covered 
with  thin  clouds,  or  partly  covered  with  white  clouds  the  values 
become  11.6  and  16. 

Apparently,  therefore,  for  clear-sky  conditions,  or  even  for 
the  most  usual  sky  conditions,  when  thin  clouds  or  haze,  or 
scattered  white  clouds  are  present,  most  of  the  daylight  received 
through  a  saw-tooth-roof  window  will  be  from  the  reflection  of 
skylight  and  sunlight  from  the  roof  of  an  adjacent  saw  tooth.  In 
cloudy  weather,  however,  nearly  all  the  light  will  be  received  from 
the  northern  sky. 

No  attempt  has  been  made  to  express  the  illumination  intensity 
at  the  working  space  in  absolute  units.  In  order  to  do  so,  it  is 
necessary  to  know  the  average  of  the  solid  sky  angles  Sj  and  S3, 
and  of  S'2  and  S"^  (Figure  28)  ;  the  brightness  of  the  sky  in- 
cluded in  each  of  these  angles,  from  which  the  sky  illumination 
may  be  computed ;  the  solar  illumination  intensity  on  the  roof  sur- 
face BE ;  the  solid  roof  angle  /-,  and  the  average  of  the  solid  roof 
angles  t^,  to  /'%  >  the  coefficients  of  reflection  of  the  surface  of  the 
ceiling  A'B',  and  the  roof,  BE ;  the  solid  angle  subtended  by  the 
ceiling  at  the  working  space,  and  the  angle  at  which  light  is  in- 
cident at  the  roof  or  the  ceiling,  and  is  received  at  the  w^orking 
space  either  directly  or  by  reflection  from  the  outside  roof  or  the 
inside  ceiling. 

Of  the  above  factors  the  brightness  of  the  sky  and  the  intensity 
of  the  solar  illumination  are  given  with  reasonable  accuracy  in 
this  paper  for  latitude  42^  N.  The  remaining  factors  depend 
upon  the  design  of  the  saw-tooth  roof  and  its  window  openings, 
and  must  be  determined  for  each  individual  case. 

During  the  winter  months,  in  a  smoky  city  like  Chicago,  disre- 
garding the  probable  decrease  in  the  reflecting  power  of  the  ceil- 
ing of  A'B',  and  the  roof   surface  BE,  the  absolute  values  of 
(i)  and  (2)  can  not  exceed  two-thirds  and  one-half,  respectively 
of  their  values  in  a  comparatively"  smokeless  region. 
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NOTE  ON  THE  INTEGRATINCx  SPHERE 
REFLECTOMETER 


BY  JOHN  W.   T.   WALSH* 


A  convenient  form  of  absolute  reflectometer  consists  of  an 
Ulbricht  sphere  with  a  small  aperture  which  is  covered  by  the 
surface  under  test  so  that  this  receives  an  almost  perfectly  dif- 
fused illumination  when  a  beam  of  light  is  projected  on  to 
the  sphere  wall.  If  the  test  surface  be  screened  from  the  illumi- 
nated patch  on  the  sphere,  the  flux  received  by  the  test  surface 
is  b  lumens  per  unit  area  if  the  brightness  of  the  general  surface 
of  the  sphere  is  b  lamberts.  It  follows  that  the  brightness  of  the 
test  surface  is  p  b  lamberts  if  this  surface  is  perfectly  diffusing, 
p  being  its  reflection  factor.  Thus  p  may  be  found  by  compar- 
ing the  brightness  of  the  test  surface  with  that  of  the  sphere  wall. 

It  is  clear  that  the  same  result  holds  when  the  test  surface 
is  a  perfect  mirror,  for  in  this  case  the  brightness  of  the  surface 
is  that  of  an  image  of  a  portion  of  the  si)here  wall  seen  in  the 
mirror.  The  conclusion  has  been  drawn  from  this  result  that 
the  method  is  universally  applicable,  whether  the  test  surface  be 
a  perfect  diflfuser  or  not,^  but  a  closer  consi(lerati(in  of  the 
problem   will   show  that  this  cannot  be  the  case. 

Let  A,  Fig.  T,  be  an  element  of  surface  which  is  not  perfectly 
diffusing  and  let  TA  represent  a  ray  of  light  incident  at  the  angle 
]  in  tin-  plane  of  the  i)aper.  Let  AM  (also  in  the  i)lane  of  the 
paper)  be  the  direction  of  specular  reflection  of  TA  and  let  .\E 
be  any  ollu-r  dirrrlion  (not  necessarily  in  the  j)laiK'  of  the  pa{)er). 

♦  M.  A.,   M.  Sc,   }'.  Inst.  I'.,  'I'he   National  I'liysical  I.ahor.itory.  KtiKlaixi. 

'C.   H.   Sharp  and  W.  F.    I.ittir,     Illniiiinatinn    Ktiffini-rriiiR  Socioty..  N.  Y.,    Trans., 
15,   iwio,  p.  H().\.     K     Knrrrr,  (>/>t.  S'-c.  Am  .  J.,  5,i')2i. 

Thr  niuiMinntiiiK  JMiKiiiert  in-.;  Society  1^  not  rrspoiisiblr  for  \\\r  slateinrnts  or 
ojiinion^  mlvanrrfl  liy  CDtitrilxitors. 
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Then  the  brightness  of  A  when  viewed  along  AE  is  proportional 
to  the  illumination  of  A  due  to  the  light  lA  and  to  some  function 
of  the  angles  NAI,  MAE  and  NAE. 

It  is  legitimate  to  consider  the  special  case  when  this  func- 
tion is  independent  of  one  of  these  angles,-  and  for  convenience 
in  calculation  it  will  be  assumed  that  this  function  depends  on 
the  angles  NAI  and  MAE  only  and  may  therefore  be  written 
/(i,  6)  where  i  ==  NAI  and  6  =  MAE.  This  assumption  implies 
that  the  brightness  of  the  surface  is  the  same  in  all  directions 
equally  inclined  to  the  direction  of  specular  reflection  of  the 
incident  light. 

Now  referring  to  Fig.  2,  let  A  be  an  element  of  surface,  and 
let  AY  be  the  normal.  In  this  case  let  AE,  the  direction  from 
which  the  surface  is  viewed,  be  in  the  plane  of  the  paper,  and 
let  lA,  the  direction  of  the  incident  light,  make  an  angle  <t>  with 
the  plane  of  the  paper.  Also  let  the  projection  of  I A  on  the 
plane  of  the  paper  make  an  angle  'A  with  AY.  Then  the  angle 
EAI  is  given  by  cos  EAI  =  cos  <f>  cos  (ij/  -\-  e). 
Also,  it  is  clear  that  if  AIj  be  the  direction. of  specular  reflection 
of  lA, 

cos  0  =  cos  EAIi  =  cos  <f>  cos  (if/  —  c) (i) 

The  angle  of  incidence  of  the  light  is  given  by 

cos  i  =z  cos  YAI  =  cos  </>  cos  ij/ (2) 

so  that  if  the  surface  A  receive  perfectly  dififused  flux,  (i.  e.,  flux 
of  which  the  density  is  the  same  in  all  directions)  the  illumina- 

2  If  the  function  is  independent  of  all  three  the  surface  is  a  perfect  diifuser. 
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Fig.  2. 


tion  E   due  to  the  light  incident  within  the  cone  whose  solid  angle 
is  cos  1/)  difj  d<f>  and  whose  axis  is  I A  (see  Fig.  2)  may  be  written 
E    =r-  F  cos  i  cos  <f>  di}/  d<f) 

=  F  cos-  <f>  cos  if/  d\f/  d<f> (3) 

'I'be  brightness  of  A  in  the  direction  AE,  due  to  this  illumina- 
tion is,  then  B,.  ==  F/(i,  6)  cos^  </>  cos  \p  dxp  d<t> 

I'rom  a  consideration  of  Fig.  2  it  will  be  seen  that  the  total 
brightness  of  A  in  the  direction  AE  is  given  by 


B 


—  2F  (  f    Ah  ^)  cos'  <l)  COS  xjj  dxp d<f>      (4) 


^         2 


If  the  surface  be  a  perfect  diffuscr,  f{i,  H)  is  a  constant  (  =  p  ) 
and  the  above  expression  reduces  to  irpV  as  is  to  be  expected 
since  the  total  flux  incident  on  the  surface  per  unit  area.  /.  e. 
the  total  illumination,  is  ttV. 

If,  however,  the  surface  be  not  a  jHTfcct  ditTu^er,  /(/,  0)  is 
not  independent  of  /.  and  0,  i.e.  of  t,  and  (hr  hrifjlitHi'SS  of  the 
.<surfacc  7vUl  depend  on  the  angle  of  7'/Vtc.  and  will  not  be  inde- 
jjendent   of   it   as  has  been   j^'enerally   assumed    hitherto. 
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^'ig-  3- 


The  degree  of  importance  of  this  eitect  in  particular  cases 
may  be  gauged  by  assuming  a  special  form  for  f(i,  6).  This 
function  should  clearly  have  a  maximum  value  when  ^  =  o 
and  it  should  not  become  negative  for  any  value  of  0. 

It  also  seems  desirable  to  assume  a  form  for  /(/,  6)  which 
leads  to  a  value  for  the  reflection  factor  of  the  surface  (ratio 
of  emitted  flux  to  flux  received)  that  is  independent  of  the  angle 
of  incidence  of  the  light.  The  function  m(i  -|-  k  sec  i  cos  6) 
fulfills  these  conditions,  i  being  the  angle  of  incidence  and  6,  as 
before,  the  angle  between  the  direction  of  view  and  the  direction 
of  specular  reflection. 

The  polar  curve  of  such  a  surface,  when  i  =  45°,  and  k  =  0.7, 
(a)  in  the  plane  of  the  incident  light  and  (b)  in  a  perpendicular 
plane,  is  shown  in  Fig.  3,  from  which  it  will  be  seen  that  this 
is  a  very  reasonable  distribution  to  assume  for  such  a  surface  as 
that  of  slightly  glazed  paper. ^ 

It  is  easily  shown  that  with  this  form  of  /(i,  6)  the  reflection 
factor  is  independent  of  i  for  the  flux  incident  at  the  surface  per 
unit  area  is  clearly  F  cos  i  while  the  total  flux  emitted  is  (Fig.  2) 


J  r  f      ( F  cos  1 1  tt)  m     (  I  +  k  sec  z  cos  6 )  cos  <f>  cos  i//  cos  <^  dip  d<l) 

o   -  iL 

=(2Fm/7r)  1 1  j  cos  z  cos''  <f>  cos  ^A  +  k  cos'V  cos  ip  cos(ip  +  z)  I   (/k(/  d<fi 


■>  See  A.  P.  Trotter,  111.  Etig.  (I.ondon)  12,  1919,  p.  260. 
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=  (2Fm/7r)  j  ^  COS  2  +  k  —  COS  zl 

SO  that  the  reflection  factor  is  m  (i  -f-  %k). 

Now  if  a  surface  of  this  kind  is  viewed  in  a  constant  direc- 
tion AE  making  an  angle  c  with  the  surface,  it  is  clear  from 
Fig.  2  that  the  brightness  in  this  direction,  due  to  the  flux  received 
by  the  surface  in  the  direction  lA  is,  if  the  incident  flux  be  per- 
fectly diflfused  (i.  e.  of  the  same  density  F  in  all  directions), 
represented  by 

F  cos  2  m(  I  -f-  k  sec  i  cos  6)  cos  <^  cos  ^  d\p  d4> 
where  cos  i  =  cos  <^  cos  xj/ 
and      cos  $  =  cos  ^  cos  (j/^  -  c) . 
It   follows   that   the   total   brightness   in   the   direction   AE   is 


M        I    (Fm/TTj    j  co.-.">  cos  j/'  +  k  cos'<^  cos  {yp  -e)\  d  if/  d  <i> 


=  (2Fm/7r)    j^   -f   k    'l^cosej 

=^  Fm  ( I  ^    k  cos  e). 

The  extreme  values  for  the  brightness  of  the  surface  are  thus  in 
the  ratio  of  i  :  ( i  -f  ^)  at  glancing  aspect  and  normal  aspect 
respectively.  The  true  value  of  the  diffuse  reflection  factor  of 
this  surface  is,  actually,  the  ratio  of  the  total  reflected  to  the 
total   incident   flux.     The   former  is  clearly 


Fni 


I      (  I  -f  k  cos  c)  27r  sin  c  cos  €  de. 

o 

=-  TT  Fm  (   I  -1-  -i-  k) 
3 

while  the  incident  flux  is  -n-V  so  that  the  value  of  p  is  m(i  -[-  -jk) 

as  before.    This  is  the  value  obtained  bv  a  measurement  of  brijrht- 

ncss   at   the   angle   cos"'    (~.\).      A    measurement   of   the   normal 

brightness  gives  a  value  of  f)   which  is  in  error  hv  no  less  than 

20  per  cent  for  the  case  when  k  =:  i.* 

♦  The  coiiMiMlciicv  in  the  valur  of  p  ohtaitinl  l>y  Dr  Sharp  mikI  Mi  I.iltle  (Ak-.  cif  )  in 
Ihe  cnnc  of  jHiUHhfd  opal  kI.ish  in.  ;»rcsum.\l»ly  <|u'r  t.*  tlw  futtli.it  tluy  in.i.lf  :ill  tlicir 
nic/iHurrnirtitH  iit  th»"  Hainr  viihir  of  c 
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In  view  of  the  very  large  errors  given  by  the  method  in  the 
case  postulated,  where  the  departure  from  perfect  diffusion  is 
by  no  means  extreme,  it  seems  extraordinary  that  a  correct  result 
should  be  obtained  for  a  true  mirror.  Further  consideration 
a  priori,  however,  shows  that  in  this  case,  although  at  first  sight, 
the  surface  behaves  according  to  rule,  in  reality  it  does  not  do  so 
except  when  certain  conditions,  not  usually  taken  into  account  are 
fulfilled.  It  is  clear,  for  instance,  that  unless  the  reflection  factor 
of  the  mirror  be  the  same  for  all  angles  of  incidence  of  the  light, 
different  values  of  p  will  be  obtained  for  different  angles  of 
aspect  and  these  will  not,  in  general,  be  equal  to  the  ratio  of 
the  flux  reflected  to  the  flux  incident  on  the  surface. 

It  is  interesting  to  note  that  the  source  of  error  just  investi- 
gated provides  a  complete  explanation  of  the  low  values  of  reflec- 
tion factor  obtained  in  the  case  of  magnesium  carbonate  by  the 
use  of  the  Nutting  reflectometer.  It  is  not  unreasonable  to  as- 
sume that  for  this  substance  f(i,  0)  =  m(i  -j-  0.2  sec  i  cos  0) 
since  this  gives  a  reduction  of  brightness  of  only  5  per  cent  when 
c  =  45°  and  the  light  is  incident  normally.^  In  this  case  the 
expression  for  B  becomes 

mF  (  I  -j-  0.2  cos  e) 

while  p  ==   {1  -j- —  )ni  =  i.i-^m. 
15 
If  €  =:  75°  B  =  1.05  mF 

so  that  the  measured  reflection  factor  is  too  small  by  about  8 

per  cent  and  this  is  of  the  same  order  as  the  discrepancy  actually 

found.® 

CONCI.USION 

In  measuring  the  diffuse  reflection  factor  of  any  except  a 
perfectly  diffusing  surface  it  is  necessary  to  ensure  that  the 
measurement  made  gives  a  correct  value  for  the  whole  luminous 
flux  reflected  from  the  surface. 

It  is  not  justifiable  to  assume  that  the  brightness  of  a  surface 
which  is  not  perfectly  diffusing  is  the  same  at  all  angles  of  view 
when  the  illumination  is  diffused. 

&  See  F.  Thaler,  Ann.  if.  Phys.,  11,  1903,  p.  996. 

«  A.  H.  Taylor,  Bureau  of  Standards,  Bull.  16,  1920,  p.  425. 
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SECTION  ACTIVITIES 


NEW  YORK  Meeting— April  19,  1923 

The  April  meeting  of  the  New  York  Section  was  held  on  Thursday 
afternoon,  April  19,  1923,  at  five-thirty,  in  Room  2  of  the  Engineering 
Societies  Building,  29  West  39th  Street.  The  subject  "The  Application 
of  Artificial  Daylight  to  the  Hospital  Operating  Room"  was  presented 
by  Mr.  Norman  Macbeth  of  the  Artificial  Daylighting  Company,  New 
York  City.  A  demonstration  and  display  of  daylighting  luminaires  was 
presented  in  conjunction  with  this  talk.  The  Kny-Scheerer  Corporation 
also  displayed  their  operating  room  luminairc.  This  device  showed  the 
method  of  an  auxiliary  gas  light  which  might  be  utilized  in  the  e\ent 
of  any  interruption  in   the  electric  service. 

At  five  o'clock  prior  to  the  meeting  a  buffet  luncheon  was  served  to 
the  members  and  guests.  The  time  of  the  meeting  was  selected  as  a 
matter  of  experiment  and  judging  from  the  size  of  the  attendance  of 
one  hundred  members  and  guests,  the  idea  met  with  approval  and  will 
no  doubt  be  tried  at  other  section  meetings. 
CHICAGO  Meeting— April  26,  1923 

A  noon-day  meeting  of  the  Chicago  Section  was  held  on  April  26 
and  began  with  a  luncheon  at  the  Chicago  Engineers'  Club  at  twelve 
o'clock.  Following  the  luncheon,  the  meeting  was  continued  in  the 
rooms  of  the  Western  Society  of  Engineers,  where  Mr.  C.  A.  Atherton, 
National  Lamp  Works  of  Cleveland,  delivered  his  paper,  "Some  New 
Ideas  in  Electric  Sign  Advertising,"  which  was  illustrated  by  means  of 
lantern  slides.  The  paper  was  very  ably  presented  and  was  followed  by 
an  interesting  discussion.  The  meeting  adjourned  at  3:15  P.  M.  There 
was  an  attendance  of  sixty  members  and  guests. 
PHILADELPHIA  Meeting— April   10,   1923 

At  the  meeting  of  the  Philadelphia  Section  held  at  the  Engineers' 
Club  on  April  10,  Mr.  G.  Bertram  Regar  of  the  Philadelphia  Electric 
Company  presented  a  paper,  "Selling  the  Idea  of  Better  Lighting."  which 
had  l^ccn  read  before  the  convention  of  the  Pennsylvania  Electric  Associa- 
tion by  him  last  September.  While  primarily  a  central  statit)n  subject 
the  pai  er  contained  considerable  material  that  was  of  interest  to  the 
lighting  industry. 

Mr.  Regar  compared  the  lighting  load  with  the  appliances  and  power 
load  and  stated  that  the  former  had  not  reached  as  high  a  standard  as 
the  latter.  Electrical  appliances  have  become  a  necessity  in  the  home  but 
ihc  lighting  installation  is  frccjucntly  subject  to  criticism.  Poor  lighting 
IS  not  so  much  a  matter  of  stinginess  as  it  is  poor  planning  and  careless- 
ness. 
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Lighting  has  three  basic  principles :  First — Utilisation.  Successful 
business  methods  demand  that  the  lighting  be  good,  and  good  lighting  is 
efficient,  because  the  predominating  factors  have  been  treated  in  a  scien- 
tific way.  Second — The  Physiological  Effect.  With  the  recognized  ad- 
vantages, both  from  the  commercial  and  the  industrial  standpoints  of  a 
high  intensity  of  illumination,  if  the  eyes  of  our  people  are  to  be  con- 
served, then  careful  consideration  must  be  given  the  subject  of  proper 
direction,  diffusion  and  color  of  lighting.  Third — Psychological  Effect. 
With  the  advancement  of  civilization,  we  have  naturally  been  educated  to 
the  comforts  and  refinements  of  our  present-day  lives,  and  the  artistic 
eflFect  of  lighting,  therefore,  plays  a  prominent  part,  as  to  whether  it  is 
pleasing  or  distasteful. 

Mr.  Regar  then  considered  the  aspects  of  residence  and  store  lighting 
stating  the  characteristics  which  it  should  have  and  bringing  out  the 
places  where  improvements  can  frequently  be  made.  Under  the  heading 
of  industrial  lighting  he  pointed  out  the  necessity  for  insisting  that  this  be 
sufficient  not  only  to  avoid  accidents  but  to  increase  plant  output. 

In  an  appeal  for  better  lighting  the  speaker  stated  that  an  intensive 
campaign  for  better  lighting  should  be  inaugurated ;  setting  forth  the 
arguments  that  good  lighting  brings  about  increased  production,  aids 
accident  prevention,  conservation  of  vision,  improved  aesthetic  effects, 
happiness,  health  and  many  other  advantages.  It  should  be  done  nation- 
ally by  articles  in  trade  publications,  and  a  concentrated  effort  by  national 
advertisers.  Automobile  Associations  should  be  asked  to  co-operate  with 
a  view  of  getting  better  highway  lighting.  State  authorities  should  be 
asked  to  adopt  school  and  factory  lighting  codes.  City  officials  should 
be  made  to  realize  that  good  street  lighting  Is  a  means  of  protection. 

The  paper  was  illustrated  by  lantern  slides  showing  interiors  of  stores 
with  examples  of  good  and  bad  lighting.  An  interesting  discussion  wa? 
held  and  the  meeting  was  attended  by  thirty  members  and  guests. 

MICHIGAN  Meeting— May  7,  1923 

The  organization  meeting  of  the  new  Michigan  Chapter  was  held  on 
the  evening  of  May  7th  in  Detroit.  Twenty-two  members  were  present 
and  a  very  gratifying  interest  was  shown. 

The  following  officers  were  elected :  Chairman,  James  M.  Ketch ; 
Secretary-Treasurer,  A.  L.  Lent;  Messrs.  Clarence  Carson,  H.  H.  Higbie, 
Ivan  N.  Kirlin,  Harold  Shaw  and  George  Wagschal  were  elected  to  the 
Board  of  Managers. 

After  the  regular  business  the  probable  activities  of  the  new  Chapter 
were  discussed  and  they  comprised  such  projects  as  State  School,  Indus- 
trial, and  Headlighting  Codes,  Cooperation  with  Electrical  Contractors, 
Architects  and  Consumers  in  the  use  of  better  lighting,  and  research 
standardization  of  special  lighting  problems  in  the  automobile  industry. 
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COUNCIL  NOTES 


ITEMS   OF   INTEREST 


At   the  meeting  of   the   Council,   April    12,    1923,   the   following   were 
elected  to  membership : 

Four  Members 

Gunnison,  Foster.  Cox,  Nostrand  &  Gunnison,  Inc.,  2)Z7  Adams   Street, 

Brooklyn.   N.   Y. 
Kii,BY,  Karl  E.,  Coleman  Lamp  Co.,  222  N.  St.  Francis  Ave.,  Wichita,  Kan. 
Knight,  A.   R.,   University  of   Illinois,  Urbana,   111. 
Wheeler,  Harry  E.,  45  E.  55th  St.,  New  York,  N.  Y. 

Twenty-Three  Associate  Members 

Alexander,  L.  M.,  University  of  Cincinnati,  Cincinnati,  Ohio, 

Black  more,  Charles  T.,  Stone  &  Webster,  Inc.,  147  Milk  St.,  Boston,  Mass. 

Campbell,  Clarence  J.,   W^estinghouse   Lamp   Co.,    165   Broadway,   New 

York,  N.  Y. 
Clarke,   Frank   A.,   Westinghouse   Elec.   &   Mfg.   Co.,    South    Bend,    Ind. 
CoBDv,   E.   v..   Pacific   Telephone   &  Telegraph    Co.,   807   Sheldon    Bldg., 

San  Francisco.  Cal. 
DoANE,  P'rancis  H.,  International  Correspondence  Schools,  Scranton,  Pa. 
DoLBiER,    F.    Van    Buren,    Philadelphia    Electric    Co.,    132    S.    nth    St., 

Philadelphia,   Pa. 
DovLE,  Walter  H..  Central  Hudson  Gas  &  Electric  Co.,   129  Broadway, 

Newburgh,   N.   Y. 
Engelfried,    Henry    O.,    Consolidated    Elec.    Lamp    Co.,    ^    Holton    St., 

Danvers,   Mass. 
Hecker,  Louis  M.,  Commercial  Light  Co.,  127  N.  Dearborn  St.,  Chicago.  111. 
Herrmann,    W.    S.,    Westinghouse    Elec.    &    Mfg.    Co.,    1535    Sixth    St., 

Detroit,  Mich. 
Jaquet,  George  E.,  Garden   City   Press,   Gardenvalc,   Quebec.   Canada. 
KiNSEY.    Fkkih-rick    S.,    Westinghouse    Lamp    Co.,    165    Broadway.    Xcw 

York.  X.  V. 
Lewis.  Frank    L..    Ivanhoe-Regent   Works,   G.   E.   Co.,   108   S.   59th    St.. 

Philadelphia.  Pa. 
Martin.  Allen   J..  272   I'.nginocring    P>ldg.,   University   of   Michigan,   Ann 

Arbor,  Mich. 
MuDGETT.  Guernsey  V.,  Westinghouse  Elec.  &  Mfg.  Co.,  South  Bend.  Ind. 
Thompson,    H.    R..   Westinghouse   Elec.   &    Mfg.    Co..   515    Hanna    Bldg.. 

Cleveland,  CJhio. 
Trawick.  Samuel  W..  Jr  ,  New  Orleans  Public  Service.  Inc.,  201   Baroimo 

St.,  New  Orleans,   I. a. 
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Weiler,  Edward  W.,  Edison  Lamp  Works,  Harrison,  N.  J. 

Weiner,  Paul  S.,  Van  Dyk  &  Reeves,  Inc.,  167-41  st  St.,  Brooklyn,  N.  Y. 

WiNETSKY,  MiCHAEi,,  PubHc  Servicc  Electric  Co.,  71   Murray  St.,  Eliza- 
beth, N.  J. 

Wright,  Howard  L.,  National  X-Ray  Reflector  Co.,  750  Prospect  Ave., 
Cleveland,  Ohio. 

Zimmerman.  J.   Harold,  Westinghouse   Lamp   Co.,    165   Broadway,   New 
York  N.  Y. 

Two  Sustaining  Members 

Franklin  Electric  Light  Co.,  Avenue  A,  Turners  Falls,  Mass. 

C.   E.   Bankwitz,   Official   Representative. 
Gas  &  Electric   Improvement  Co.,  77  Franklin  St.,   Boston,   Mass. 

Philip  B.  Jameson,  Official  Representative. 

One   Re-Election   to   Associate   Membership 

Hallock-Greenevvalt,   Mary,    1424  Master   St.,   Philadelphia,   Pa. 

Two  Transfers  to  Full  Membership 

Hanlan,  James  P.,  Public  Service  Gas  Co.,  80  Park  Place,  Newark.  N.  J. 
Lyon,  Howard,  Welsbach   Co.,  Gloucester,  N.  J. 


The  General  Secretary  reported  the  death,  on  March  9,  1923  of  one 
associate  member,  Frank  L.  Sample,  National  X-Ray  Reflector  Co., 
Boston,  Mass. 

CONFIRMATION   OF   APPOINTMENTS 

As  Chairman  of  the  General  Convention  Committee — W.  D'A.  Ryan. 

As  members  of  the  Committee  on  Membership — H.  M.  Camp  and  L.  B. 
Johnson. 

As  an  Advisory  Committee  to  co-operate  zvith  the  N.  E.  L.  A.  in  arrang- 
ing a  course  of  instruction  for  men  in  lighting  departments  of  zmr- 
ioits  central  stations — H.  H.  Higbie,  Chairman;  E.  M.  Alger,  Earl 
Anderson,  C.  C.  Munroe  and  T.  W.  Rolph. 

NEWS  ITEMS 


BULLETIN   OF    THE   COMMITTEE   ON   LIGHTING   LEGISLATION 

Massachusetts  Industrial  Lighting  Code: 

The  Massachusetts  Department  of  Labor  and  Industries  lias  voted 
to  adopt  a  lighting  code  for  factories,  workshops,  manufacturing  and 
mechanical  establishments  for  the  purpose  of  protecting  employees  from 
accidents  and  eye  strain  due  to  inadequate  or  faulty  lighting.  At  present 
the  code  is  not  mandatory  but  the  Labor  Department  has  issued  notice 
that   the  code   will  become  mandatory  on  Jan.    i,    1924. 
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The  Code  is  divided  into  two  parts.  Part  I  consists  of  six  rules  as 
follows :  general  requirements,  intensity  required,  protection  from  glare — 
shading  of  lamps,  distribution  of  light,  entrance  and  exit  lighting,  classi- 
fication of  intensity  grades.    Part  II  contains  notes  and  recommendations. 

Both  Part  I  and  Part  II  follow  very  closely  the  lines  laid  down 
in  the  New  York  State  code  of  lighting  factories  and  merchantile  estab- 
lishments as  amended  May  i,  1922,  except  that  in  Part  I  the  Massachusetts 
code  contains  an  additional  rule  on  entrance  and  exit  lighting,  based 
partly  on  the  exit  and  emergency  lighting  rule  of  the  I.  E.  S.  (American 
Standard)   Code,  as  follows: 

Entrance  and  Exit  Lighting :  Lighting  shall  be  provided  in  all  stair- 
ways and  exits  of  factories  and  in  all  the  passageways  appurtenant 
thereto,  independent  of  the  regular  lighting  of  the  working  space. 
The  lighting  circuits  for  the  stairways  and  exits  should  extend  inside 
any  working  room  where  twenty  or  more  persons  are  regularly  em- 
ployed, so  as  to  light  the  immediate  entrance  to  the  stairway  or  exit. 
Such  lights  shall  be  served  from  a  source  not  subject  to  failure  because 
of  the  failure  of  the  circuit  fuses  for  the  room  lighting,  and  prefer- 
ably from  an  independent  connection  extending  back  to  the  main 
service  entrance  for  the  building.  In  case  unusual  danger  may  exist 
on  account  of  type  of  building,  nature  of  the  work,  crowded  condi- 
tions, or  lack  of  suitable  exit  space,  the  Commissioner  of  Labor  and 
Industries  may  require  such  lighting  to  be  further  extended  within 
the  working  space ;  and  that  independent  service  shall  be  ensured 
by  connection  to  a  separate  source  of  supply  without  or  within  the 
building. 

The  intensity  rule  of  the  Massachusetts  code  docs  not  go  as  far 
as  that  of  the  New  York  State  code  in  that  the  former  does  not  contain 
a  table  of  minimum  intensities  for  detailed  industrial  operations  and 
processes.  On  this  point  the  Massachusetts  code  states  that  the  "assign- 
ment of  industrial  operations  (intensity  grades)  shall  1k'  determined  by 
the  Commissioner  of  Labor  and  Industries  subject  to  review  by  tiic 
Department    upon    application    of    anyone    affected    thereby." 

The  glare  rule  follows  the  same  form  as  that  used  in  the  earlier 
state  codes  and  is  opvu  to  the  criticism  of  being  too  general.  It  is  to  be 
regretted  that  this  rule  was  not  made  more  specific  to  conform  with  tiie 
glare    rule    in   the    I.    Iv    S.   code    (.^merican    Standard). 

in  the  i)rc|).'iralion  of  the  C(»de  the  Department  of  La!)or  and  Indus- 
tries liad  the  assistance  of  a  state  coininittce  of  whicli  Dr.  Liniis  Hell 
was  chairman.  Dr.  P.ell  a1  n  n  presented  the  I.  Iv  S.  Committtv  on 
Ligliting   Legislation. 
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SECTIONAL   COMMITTEE   ON   I.   E.   N.   ORGANIZED 

Thirteen  men,  consisting  of  six  representatives  of  producers,  three 
representatives  of  consumers,  and  four  representatives  of  general  inter- 
ests, constitute  the  personnel  of  the  Sectional  Committee  on  Illuminating 
Engineering  Nomenclature  and  Photometric  Standards,  one  of  the  pro- 
jects   officially    before    the    American    Engineering   Standards    Committee. 

The  Illuminating  Engineering  Society  has  been  named  sponsor  for 
this  project.  The  men  who  constitute  this  committee,  and  the  organiza- 
tions which  they  represent,  follow :  American  Gas  Association,  W.  J. 
Serrill ;  American  Institute  of  Electrical  Engineers,  A.  E.  Kennelly ; 
Bureau  of  Standards,  A.  S.  McAllister ;  Illuminating  Engineering  Society, 
Howard  Lyon  and  G.  H,  Stickney ;  National  Committee  of  International 
Commission  on  Illumination,  Louis  Bell ;  National  Committee  of  Inter- 
national Electrotechnical  Commission,  C.  O.  Mailloux;  National  Council 
of  Lighting  Fixture  Manufacturers,  E.  C.  McKinnie ;  National  Electric 
Light  Association,  C.  H.  Sharp ;  Optical  Society  of  America,  E.  C.  Crit- 
tenden ;  American  Physical  Societ>^,  E.  P.  Hyde ;  Individuals,  G.  A.  Hoad- 
ley  and  M.  Luckiesh. 

STANDARDIZATION  OF  TRAFFIC  SIGNAL  COLORS 

Forty-two  men,  representing  the  manufacturers  and  users  of  traffic 
signals,  federal  and  state  governmental  departments,  associations  inter- 
ested in  the  prevention  of  traffic  accidents,  and  representatives  of  the 
general  public,  are  now  at  work  on  the  drafting  of  a  national  code  on 
the  proper  colors  for  traffic  signals,  which  it  is  expected  will  not  only  cut 
down  the  annual  loss  of  life  through  traffic  accidents,  but  will  eliminate 
many  of  the  existing  irritations  to  motorists  and  to  the  operators  of 
steam  and  electric  railways. 

This  work  is  being  carried  on  under  the  auspices  of  the  American 
Engineering  Standards  Committee  whose  approval  of  a  code  or  standard 
insures  its  ultimate  acceptance  and  observance  throughout  the  country. 
The  American  Engineering  Standards  Committee  is  composed  of  seven 
departments  of  the  U.  S.  Government,  the  principal  technical,  inxlustrial 
and  engineering  societies  and  individual  business  concerns  interested  in 
standardization. 

The  sectional  committee  drafting  this  code  is  made  up  of  seven 
representatives  of  the  manufacturers  of  traffic  signals,  nine  representa- 
tives of  the  purchasers  of  such  equipment,  three  representatives  of  the 
users  of  traffic  signals,  twelve  representatives  of  governmental  bodies, 
five  technical  specialists,   and   six   insurance  representatives. 

Mr.  Charles  J.  Bennett,  State  Highway  Commissioner  of  Connecti- 
cut, who  represents  the  American  Association  of  State  Highway  Officials, 
has  been  selected  chairman  of  the  sectional  committee.  Dr.  M.  G,  Lloyd 
of  the  U.  S.  Bureau  of  Standards,  who  is  the  representative  of  both  the 
Bureau  and  the  American  Society  of  Safety  Engineers,  is  vice-chairman, 
and  Mr.  Walter  S.  Paine,  Research  Engineer  of  the  Aetna  Life  Insurance 
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Co.,  who  is  the  representative  of  the  National  Safety  Council  is  secretary 
of  the  sectional  committee. 

PLAN  BETTER  LIGHTING  IN  SCHOOLS   TO  SAVE 
THE   EYES   OF   YOUTH 

The  lighting,  building,  education,  health,  and  social  agencies  of  the 
country  have  joined  hands  in  an  effort  to  develop  a  nationally  accepted 
code  for  school  lighting  which  will  correct  the  conditions  partially  respon- 
sible for  the  defective  vision  of  10  to  20  per  cent  of  the  school  children. 

The  formulation  of  this  code  is  being  carried  on  under  the  auspices 
of  the  American  Engineering  Standards  Committee,  a  federation  of 
national  organizations,  government  departments,  and  other  agencies  inter- 
ested in  standardization,  whose  official  approval  of  a  standard  or  code 
insures  its  ultimate  acceptance  by  the  principal   interests   concerned. 

The  conditions  that  make  such  a  code  necessary  have  been  summarized 
as  follows  by  a  committee  of  the  Illuminating  Engineering  Society : 

"Examinations  of  thousands  of  school  children,  extending  over  many 
years,  have  shown  that  from  10  to  20  per  cent  of  the  children  suffer 
from  defective  vision,  the  result  largely  of  continued  use  of  the  eyes  in 
close  work  under  unhygienic  conditions.  It  is  well  established  that  defec- 
tive vision  is  progressive  and  is  therefore  found  to  a  larger  extent  among 
the  older  children. 

"Man}''  of  the  factors  contributing  to  defective  vision  of  children 
are  closely  connected  with  school  life,  and  to  this  extent  the  causes  are  pre- 
ventable and  may  be  removed.  Modern  educational  methods  impose 
severe  requirements  upon  the  immature  eyes  of  children  and  create  the 
need   for  the  very  iK'St  working  conditions. 

"It  is  therefore  essential  that  the  lighting  of  school  buildings,  both 
natural  and  artificial,  should  be  of  the  best  design.  The  status  of  the  art 
of  illumination  is  so  well  established  that  it  is  entirely  feasible  and  practi- 
cable to  prevent  eye-strain  by  the  proper  design  of  school  buildings  and 
the    installation    of    suitable    lighting    equipment. 

"Economically,  it  is  found  that,  in  general,  children  with  defective 
vision  are  rctar<kd  in  their  progress  in  school  life,  and  also  enter  upon  their 
life  work  seriously  handicapped.  It  is  right,  therefore,  that  a  state  should 
concern  it.self  to  protect  and  conserve  the  vision  of  children  from  an 
economical,  as   well   as   a  humanitarian   standpoint." 

The  American  Engineering  Standards  Committee  has  appointed  the 
American  Institute  of  Architects  and  the  Illuminating  Engineering  Society 
joint  sponsors  for  the  code  on  school  lighting.  The  sponsors  will  organize 
a  representative  sectional  committee  to  formulate  the  code  and  will  pro- 
vide for  the  publication  of  tbe  code  aft(  r  it  has  been  approved  by  the 
A.  E.  S.  C. 

The  organization'i  that  are  already  co-operating;  in  tins  work  are: 
American    Gas    Association.    .Xmeriean    Institute   of    .Xrcbitects,     Xmerican 
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Institute  of  Electrical  Engineers,  American  Public  Health  Association. 
American  Society  of  Safety  Engineers,  American  Medical  Association, 
Illuminating  Engineering  Society,  National  Committee  for  the  Preven- 
tion of  Blindness,  National  Bureau  of  Casualty  and  Surety  Underwriters, 
National  Education  Association,  U.  S.  Bureau  of  Education,  Department 
of  Interior,  U.  S.  Public  Health  Service,  Treasury  Department,  U.  S. 
Women's  Bureau,  Department  of  Labor,  U.  S.  Bureau  of  Standards. 

GRAND  ILLUMINATION  AT  WASHINGTON  PLANNED  FOR 
MYSTIC  SHRINERS 

Brilliant  illumination  and  showers  of  light  will  flood  the  capital 
city  during  the  entertainment  of  more  than  300,000  Shriners  who  will  come 
from  all  parts  of  the  United  States  to  Washington  in  June.  A  Garden 
of  Allah  will  be  erected  in  front  of  the  White  House,  and  a  blaze  of  light 
will  usher  in  the  street  pageant  of  the  Masons.  Committees  of  elec- 
tricians are  now  working  out  the  details  for  the  gala  electrical  effects. 

Many  special  electrical  settings  will  be  installed  upon  the  wide  elm- 
lined  avenues  of  the  nation's  official  headquarters,  and  the  parade  of 
costumed  Shriners,  uniformed  patrols,  bands,  and  dignitaries  will  pass 
through  a  flood  of  light. 

Pennsylvania  avenue,  down  whose  historic  lanes  Presidents  have 
ridden  to  attend  their  own  inaugural  ceremonies  for  many  generations, 
and  whose  wide  street  spreads  toward  the  Capitol,  lit  by  batteries  of 
searchlights,  will  be  brilliantly  illuminated  for  this  convention. 

CONVENTION  PAPER  INCREASES  WINDOW  LIGHTING 

It    is    very    gratifying   to    note    how    the    disinterested    work    of    the 
I.  E.  S.  is  helping  to  increase  the  lighting  load  of  the  central  stations.    The 
following   reference   to   the   Sturrock-Shute   paper   presented   at   the    last" 
convention  in  Swampscott  appeared  in  the  Electrical  World  of  April  21, 
1923. 

"The  connected  load  in  window  lighting  of  a  large  department 
store  served  by  the  Fitchburg  (Mass.)  Gas  and  Electric  Light  Com- 
pany was  increased  nearly  200  per  cent  as  a  result  of  presenting  the 
customer  with  a  paper  on  show-window  lighting  which  was  read 
at  the  last  convention  of  the  Illuminating  Engineering  Society. 
After  offering  the  paper  to  the  customer  for  perusal,  the  central- 
station  sales  department  and  the  department  store's  window  decora- 
tor c  nducled  a  series  of  tests  which  proved  to  the  user's  satisfac- 
tion that  it  would  pay  to  use  a  higher  intensity  in  his  windows  than 
had  formerly  been  employed." 
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1923  CONVENTION  AT  LAKE  GEORGE 

At  recent  meetings  of  the  Council  the  time  and  place  of  the  Seven- 
teenth Annual  Convention  of  the  Illuminating  Engineering  Society  have 
been  decided,  and  members  of  the  1923  Convention  Committee  have  been 
appointed.  The  convention  headquarters  will  be  at  the  Fort  William 
Henry  Hotel  at  Lake  George,  N.  Y.,  and  September  24  to  28  are  the  days 
chosen.  The  activities  of  the  committee  are  in  charge  of  the  following : 
Mr.  W.  D'A.  Ryan,  Chairman;  Mr.  H.  W.  Peck,  Vice-Chairman ;  and  Mr. 
H.   E.   Mahan,   Secretary. 

Plans  are  now  being  formulated  and  full  publicity  will  be  given  to 
the  members  of  the  Society,  and  present  indications  point  to  a  very  suc- 
cessful convention.  It  is  hoped  that  a  large  number  of  the  members  will 
reserve  these  dates  and  make  every  effort  to  attend  the  convention. 

THE  MEMBERSHIP  DRIVE 

Under  the  able  leadership  of  Mr.  G.  Bertram  Regar,  Vice-President, 
the  membership  drive  for  the  past  eight  months  has  been  the  most  suc- 
cessful in  the  history  of  the  Society.  Reference  to  the  Society  Affairs 
in  the  Transactions  will  show  that  nearly  two  hundred  new  members 
have  been  elected. 

The  splendid  work  already  accomplished  can  be  greatly  aided  by  a 
bit  of  personal  effort  on  the  part  of  each  indizndual  member.  There  must 
be  men  among  your  associates  who  should  be  members  in  the  I.  E.  S. 
Take  up  this  challenge  and  send  to  the  chairman  of  the  committee  names 
of  prospective  applicants ;  or,  better  still,  send  the  signed  application  with 
check  for  entrance  fee  and  current  dues.  Applicants  for  the  grade  of 
associate  member  for  the  balance  of  the  fiscal  year  should  remit  $3.75 
for  dues  and  $2.50  for  entrance  fee;  for  the  grade  of  member,  $7.50  for 
dues  and  $2.50  for  entrance  fee. 

Application  blanks  and  membership  literature  can  be  secured  from 
members  of  the  committee  or  from  the  General  Office. 

CHICAGO  ELECTRICIANS'  APPRENTICES  COURSE 

A  series  of  talks  under  the  supervision  of  Mr.  J.  L.  Stair.  National 
X-Ray  Reflector  Company,  was  given  during  the  latter  part  of  March 
before  apprentice  classes  consisting  of  six  hundred  construction  elec- 
tricians and  stage  electricians  at  the  Washlxnirne  Continuation  School, 
Chicago. 

The  apprentices  arc  required  by  their  Unions  to  attend  school  one 
day  out  of  every  two  weeks  for  which  they  receive  regular  pay  from 
their  employer.  The  course  continues  for  four  years,  and  after  the 
course  is  over,  the  apprentices  are  required  to  take  examinatii^ns  to  be- 
come journeymen  and   ri-ceive  cards   from  the  Local  Union. 

In  the  series  of  talks,  historical  facts  concerning  the  deveIo|)ment  of 
artificial  lighting  were  presented,  together  with  some  of  tlie  fundamental 
principles  in  lighting  practice.  ;in(l  examples  of  modern  installatiom;.  The 
subject  was  treated  in  a  piu  I'ly  educational  way  with  demonstrations  and 
lantern  slides. 
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PERSONALS 

Mr.  J.  L.  Wolf,  formerly  secretary  of  the  Lighting  Fixture  Dealers' 
Society  of  America,  and  secretary  of  the  Cleveland  Electrical  League, 
is  now  in  the  retail  fixture  business  as  the  Wolf  Lighting  Company. 


Mr.  George  H.  Stickney,  Past-President  of  the  L  E.  S.,  has  recently 
been  honored  by  an  election  to  membership  in  the  Alpha  Chapter  of  the 
Sigma  Xi  fraternity  at  Cornell  University.  Mr.  Stickney  has  been  identi- 
fied with  work  in  illuminating  engineering  since  his  graduation  from 
Cornell  in  1896. 


SUGGESTIONS  TO  AUTHORS  OF  PAPERS 
For 
PRESENTATION    AT    THE    ANNUAL    CONVENTION 

Final   Acceptance   Date 

The   manuscripts   of  papers   to   be   preprinted   for   the   Annual    Convention 
must  be  in  New  York  by  August  i  if  authors  wish  to  see  proof  before  publica- 
tion.    Papers  will  be  accepted  from   this  date  until  August   15,  but   no  proofs 
of  them   will  be  submitted  to  the   authors  for  approval. 
Synopsis 

A  short  synopsis  (200  words  or  less)  should  accompany  each  paper.  This 
is  required  for  publication  with  the  paper  and  also  for  publication  in  advance 
notices  of  the  convention. 

Illustrations 

All  illustrations  for  half  tone  cuts  should  be  submitted  as  original  photo- 
graphs upon  glossy  paper. 

Diagrams  should  be  drawn  upon  white  paper,  or  blue  cross-section  paper 
which  will  be  supplied  by  thq  Committee  upon  request.  Blue  lines  upon  the 
cross-section  paper  do  not  reproduce  photographically  and,  therefore,  all  lines 
which  are  to  be  shown  in  the  finished  graph  should  be  inked  in.  Blue  prints 
and  photostat  prints  do  not  make  good  cuts. 

Captions  and  descriptive  matter  should  be  typewritten  and  attached  to 
the   photographs  or   diagrams. 

Lettering  upon  the  face  of  the  diagram  should  be  as  simple  as  possible, 
and  large  enough  to  reproduce  when  the  diagram  is  photographed  and  re- 
duced to  one-quarter  size. 

Copyrigrlat 

Papers  presented  before  the  Society  are  considered  to  be  the  property  of 
the  Society  and  are  copyrighted  upon  publication  in  the  Society's  Trans- 
actions. Permission  may  be  given  by  the  Committee  to  reprint  any  paper  in 
part  or  in  full  subsequent  to  presentation  provided  proper  credit  is  given  to 
the  author  and  to  the  Society. 
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39 

Jan. 

22 

Mar.   17 
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3245 

W.  H.  Rade- 

macher 

Mar.   15 

49 

W.     H.     Radema- 

cher 

Apr.    I 

46 

A.   L.   Powell 

Mar. 

142 

A.   L.   Powell 

Mar. 

181 

R.  A.   Palmer 

Mar. 

181 

Mar. 

182 

Mar. 

182 

Mar. 

183 

April 

212 

S.    B.    Williams 

April 

216 

A.    L.    Powell 

April 
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246 

J.  M.  Shute 
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247 

April 

-^48 
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3M 
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3M 
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\Mien   is   Light   not   Light? — 

Light   Without   Heat— 
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lumination— 

Editorial — 

Relative  Effectiveness  of  Direct  and 
Indirect  Illumination — 
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MAY,  1923 

W.  Mathieu 
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315 

May 
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Emil    Kun 


G.    Benoit 
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316 


Mar.  23        447 
Mar.  30        511 

Apr.    13         598 


Mar. 

8 

235 

Mar. 

29 

321 

Apr. 

12 

372 

Apr. 

5 

344 

O.    E.    Bulkeley  Mar.   3  511 


Mar. 
Mar. 

24 

24 

673 

682 

Apr. 

7 

801 

789 

Apr. 

28 

957 

Apr. 

28 

978 

Dec. 

29 

729 

Dec. 

29 

751 

Mar. 

30 

340 

Apr. 

13 

384 

P.   Bougrier 


Feb.    15 


75 


Feb. 

28 

510 

Feb. 

28 

514 

Mar. 

21 

745 

Mar. 

21 

751 

Mar. 

21 

759 
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gung  in   Metal   bearbeitimgsbetrie- 

ben—  Jan.    31         132 
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Elektrotechnische  Zeitschrift 
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Engineering  Progress 
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Street  Lighting — 
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Our     Lighting     Load     (Gas     Lighting                                              Apr.   11           89 

Maintenance)  — 
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leuchtung — 
General  Electric  Review 
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II— 
Studies    in    the    Projection   of    Light — 

Part   Ill- 
Part    IV 
Illuminating  Engineer 
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New     Types     of     Hospital      Inspection 
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Karl  Bunte 

Feb.  24 
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F.  A.  Benford 

Mar. 

160 

F.  A.  Benford 

Apr. 

230 

^fay 

280 

1922 

Nov.- Doc. 
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Nov. -Dec. 

2^)1 
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Tesla-Luminescence  Spectra — Part  I. 
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Nov.-Dec.  311 

Nov.-Dec.  318 
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Apr.   I 
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Mar. 


350 


366 


412 
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Mar.    I  165 

Mar.  I  177 


P.  W.  Cobb 
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138 

W.  H.  Cole 

Mar.  20 
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J.  A.   C.  Warner 

Mar. 

225 

H.   E.  Ives 

Mar. 

243 

H.   E.   Ives 

April 
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Journal  of  Physical  Chemistry 

Structural  Colors  in  Feathers,  I — 
Production  and   Characteristics  of  the 
Carbides  of  Tungsten — 

Journal  of  Washington  Academy  of  Sciences 
The   Measurement   of   Light — 

Licht  und  Lampe 

Das    Licht    der    fiir    die    Therapie    in 

Frage  kommenden  Lichtquellen — 
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Lighting  Fixture!  and  Lighting 

Lighting  for  Public  Eating  Places  In- 
dividual - 

Steamship  Leviathan  Lighting  Equip- 
ment Luxurious — 

Opposes  Elimination  of  Word  "Fixture" 

Monthly  Weather  Review 
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Vertical  and  vSIopiiig  Surfaces — 


C.   W.   Mason 
Mary  R.  Andrews 


Mar. 
Mar. 


E.    C.    Crittenden  Mar.  4 


Fritz    Schanz 
H.    Miiller 


Jan.    18 
Jan.    18 


Gerdien    and    Lctz       Jan.    i{ 


H.    Lux 


11     II     Kimball 
and   1.  V.  ILmd 


Mar. 

April 
April 

1922 


Dec. 


201 

270 

69 


31 

35 

37 


Feb.    I  57 

Feb.   I  58 


A. 

A.  Wohlauer 

Feb. 

I 

60 

Feb. 

15 

81 

H. 

Lux 

Mar. 

109 

K. 

Weiss 

Mar. 

IS 

138 

0. 

Gerhardt 

Mar. 

15 

141 

Mar. 

IS 

143 

16 

13 
15 
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M.   H.   Fischer 
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Feb.   24         959 
Mar.  24       1478 


Feb.    10         721 


Mar. 


169 


84 
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Dec. 
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Mar.   15        311 


Feb. 


33^ 


C.  V.  Raman  and 

K.    Seshagiri 
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Mar. 
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J.   R.  Clarke 

Apr. 
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Mar. 
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Mar. 
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Phyiical  Review 

Luminescence     of     Organo-Magnesium 
Halides — 


The  Low  Voltage  Mercury  Arc — 
The    Luminous    Electricical    Discharge 
in  Sodium  Vapor — 

The  Luminous  Efficiency  of  Gases  Ex- 
cited  by   Electric   Discharge — 
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The  Photo-Electrical  Properties  of 
Heated  Oxides — 
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Phosphors — 

Theory  of  the  Electric  Arc — 
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F.'irbung  roticrcndcr  Schcibcn  bei  dcp- 
pf)ltcr    PiC'lcuchtung — 
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inates Glare — 

Motion  Picture  Projectors  Tested  in 
Tunnel — 
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Small   Cost — 

Public  Works 

Municipal    Ligliting    in    Los    Angeles — 


R. 

T.    Dufford 

S. 

Calvert  and 

D. 

Nightingale 

Feb. 

203 

M. 

Scott 

Feb. 

204 

G.   M.  J.   MacKay 
and  E.  E.  Charlton 

A.  H.  Compton  and 
C.   C.  VanVoorhis 

J.    Tykocinski- 
Tykociner    and 
Jakob    Kunz 

H.    Kahler 

H.    Kahler 

K.   T.   Compton 

G.    R.    Fonda 

E.    H.    Kennard 
and   C.   Moon 

J.    Tykocinski- 
Tycociner 


A.   Szegvari 
A.   Steichen 


Feb. 
Feb. 

Feb. 

Feb. 

Fel. 
Mar. 
Mar. 

Alar. 


M 


ar. 


Feb.    15 
Mat.    I 


209 


210 


^10 

213 

214 
266 

343 


374 


3^3 


91 

112 


.M.ir. 

392 

-M;..r. 

383 

M;.r. 

361 

A,M-. 
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Mar. 

67 

Feb. 

77 
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M.  Vuillaume 

Feb. 

4« 

Feb. 

10 

201 

Feb. 

17 

234 

M.   Leblanc 

Feb. 

24 
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A.   E.  Johnson 


Mar.  24  477 
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Jan.  0 
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E.    N. 

Harvey 

Apr.  27 
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Scientific  American 
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45 
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Mar. 
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E.  C. 
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A.    Spcrry 

April 
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A.    Giinther- 

Schultze  Feb.   26        378 
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3n  iWemoriam 

LOUIS  BELL 


BY  A.  E.  KENNELLY 


THE  late  Dr.  Louis  Bell  was  so  well  known  to  members  of  the 
Illuminating  Engineering  Society,  as  a  Past-President,  leader 
and  author,  that  a  brief  account  of  his  personality,  career  and 
accomplishments  is  sure  to  be  welcome  to  many. 

Louis  Bell  was  the  grandson  of  Governor  Samuel  Bell  of  New 
Hampshire,  who  represented  that  state  for  two  terms  in  the  U.  S. 
Senate  at  Washington,  D.  C.  His  father  was  General  Louis  Bell, 
who  fought  in  Grant's  army  during  the  Civil  War.  General  Bell, 
when  28  year  old,  commanded  the  attack  on  Fort  Fisher,  and  was 
killed  in  action  during  the  last  few  minutes  of  the  final  successful 
rush  on  the  trenches,  just  before  the  close  of  the  war.  The  news 
of  his  death  came  as  a  terrible  shock  to  his  young  wife,  in  the 
family  home  at  Chester,  N.  H.,  and  she  survived  him  only  six 
months, leaving  little  Louis,  then  one  yearold,  (born Dec.  5th,  1864), 
and  his  sister  four  years  older.  The  two  children  were  brought  up 
at  Chester,  by  their  grandmother.  Governor  Samuel  Bell's  widow. 
In  remote  village  lif(%  these  two  children  were  thrown  much  on 
their  own  resources,  and  mingled  but  little  with  the  outer  world. 
Louis  was  gifted  ni(*ntally,  and  was  given  his  bent  in  study,  with 
full  encouragement,  by  his  fond  grandparent.  Tlu^  boy  was  an 
omnivorous  reader,  even  at  the  age  of  eight,  and  was  consumed 
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with  a  thirst  for  knowledge  of  all  kinds,  but  particularly  for  scien- 
tific knowledge.  I  used  to  wonder,  in  later  years,  how  Dr.  Bell 
became  so  well  versed  in  the  bible  and  bible  history,  until  I  learned 
that  he  was  frequently  allowed  to  choose,  on  Sunday  morningsj 
between  going  down  the  hill  to  church,  and  staying  home  to  learn 
a  chapter  of  scripture  by  heart.  Little  Louis,  with  his  swift 
memory,  always  chose  the  latter  alternative. 

When  Louis  was  twelve  years  old,  it  was  decided  that  he  should 
be  taken  from  his  native  village  and  sent  to  school  at  the  Phillips 
Exeter  Academy,  Exeter,  N.  H.  Thereafter,  he  only  returned  to 
Chester  for  brief  and  occasional  visits ;  but  he  was  very  deeply  at- 
tached to  his  childhood's  home  and  he  always  desired  to  be  carried 
back  there  after  his  death.  He  was  rather  a  lonely  lad  at  school, 
brilliant  but  living  apart.  His  letters  to  his  sister  show  how  close 
was  their  attachment,  and  how  much  he  depended  on  her 
guidance.  When  she  died  untimely  at  twenty-one,  he  was 
distracted  with  grief.  He  would  never  trust  himself  to  speak  of 
her  in  after  life,  even  to  his  most  intimate  friends. 

Louis  entered  Dartmouth,  the  college  of  his  family,  in  1880, 
and  took  his  A.  B.  degree  there  is  1884.  In  his  studies,  he  distin- 
guished himself  in  chemistry  and  physics,  and  took  post-graduate 
college  work  in  physics.  The  Professor  of  Astronomy  there  allowed 
liOuis  to  live  at  the  College  observatory,  and  to  use  the  telescopes 
for  observations,  during  two '  summers.  Bell  always  loved  a 
telescope  and  admired  those  who  knew  how  to  use  them. 

Bell  was  always  a  most  loyal  and  devoted  alumnus  of  Dart- 
mouth, giving,  throughout  his  life,  unstintedly  of  his  time  and 
efforts  to  her  aims.  From  Dartmouth,  he  went  to  Johns  Hopkins 
University,  where  he  studied  under  Rowland,  and  where  he  took 
his  Ph.D.  degree  in  1888. 

The  subject  of  his  thesis  was  'The  Absolute  Wave  Length  of 
Light."  At  the  Manchester  British  Association  Meeting  in  Sep- 
tember 1888,  Dr.  Bell  presented  a  joint  paper  by  Prof.  Henry  A. 
Rowland  and  himself  on  ' 'Explanation  of  the  Action  of  a  Magnet  on 
Chemical  Action." 
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After  graduating  at  Johns  Hopkins,  Dr.  Bell  went  to  join,  for 
a  year,  the  faculty  of  Purdue  University,  as  Professor  of  applied 
electricity,  or  what  is  now  generally  known  as  electrical  engineer- 
ing.   This  was  a  new  chair  at  that  time  in  Purdue.    He  organized 
the   electrical   engineering  instruction  there   on   a   sound   basis, 
and  in  1890,  he  went  to  New  York,  as  editor  of  the  ''Electrical 
World,"  which  has  since  continued  to  be  a  prominent  electrical 
engineering  weekly  journal.    At  that  time,  it  was  owned  by  W.  J. 
Johnston.    It  was  during  this  period  that  I  first  became  acquainted 
with  Dr.  Bell  as  the  editor  of  the  ''Electrical  World."    Ever  after 
that  interview,  I  was  his  admirer  and  friend.    Bell  was  always  a 
very  clear  and  forceful  writer.    It  was  fortunate  for  the  "Electrical 
World"  that  its  editor,  in  Dr.  Bell,  was  not  only  a  prominent 
electrical  engineer,  but  also  a  good  scholar  in  English.    He  left  the 
chief  editorship  in  1892,  to  enter  the  service  of  the  General  Electric 
Co.,  but  he  maintained  literary  connection  with  the  "Electrical 
World",  editorially  and  otherwise,  up  to  his  death.     Anyone  ac- 
quainted with  the  personal  characteristics  of  his  literary  style, 
could  readily  discern  articles  by  him.    He  had  the  gift  of  writing 
in  such  a  manner  as  to  compel  attention  and  understanding.    There 
was  frequently  a  background  of  quaint  humor  in  his  articles,  that 
tempted  the  reader  to  follow,  even  when  the  subject  was  dry  and 
difficult. 

It  was  about  1892,  that  the  alternating-current  motor  began 
to  ontor  commercial  development.  Dr.  Bell,  as  chief  engineer  of 
the  th(Mi  newly  organized  power-transmission  department  of  the 
General  lOlectric  Co.,  designed  and  installed  some  of  the  first 
polyphase  power-transmission  plants  in  the  country.  It  was  at 
Redlands  in  California,  that  one  of  these  early  inchiction-motor 
plants  was  install(Ml,  and  Hell  attended  to  it  in  person.  One  of 
his  induction  molors  was  direct  connected  to  an  air  compressor  of 
considerable  powc^-.  I'p  to  that  time,  alternating-cunvnt  motors 
had  not  been  notorious  for  j)()werful  starting  tonjue  under  load, 
and  the  superintendent  of  the  Kedhinds  compressor  looked   with 
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some  disdain  on  the  new  induction  motor,  which  he  considered 
much  two  small  for  the  work.  Bell,  who  had  made  thorough 
factory  tests  of  the  motor,  knew  what  it  could  do  when  started 
under  load,  and  impressed  upon  the  superintendent  the  great 
importance  of  not  closing  the  motor  switch  at  the  receiving  end 
of  the  polyphase  line,  unless  the  outlets  of  the  compressor  were 
open.  In  his  disdain  of  the  new  induction  motor,  however,  the 
compressor  man  forgot  these  injunctions,  and  one  day  he  closed 
the  starting  switch  of  the  motor  with  the  compressor  outlets 
tightly  shut.  Bell  was  at  the  other  end  of  the  line  at  the  time, 
near  the  generators,  and  saw  the  load  come  on  at  his  switchboard. 
He  could  follow  what  happened  at  the  motor  by  watching  the 
instruments.  The  motor  got  under  way  for  a  short  interval, 
evidently  heavily  loaded.  Then  there  was  a  groan  at  the  generator, 
and  the  automatic  circuit-breakers  opened  at  the  motor  end  of 
the  line.  At  the  compressor  plant,  the  motor  had  carried  the 
compressor  to  such  a  point  that,  with  no  relief  available,  the 
c^ank  shaft  had  broken,  and  the  coupling  bent.  It  took  some  time 
to  repair  the  damages,  but  after  that,  the  compressor  men  al- 
ways treated  that  induction  motor  with  great  respect,  and  des- 
cribed it  as  "heap  big  medicine." 

In  1892,  Dr.  Bell  pubhshed  (with  Oscar  T.  Crosby)  "The 
Electric  Railway,"  which  was  a  pioneer  book  on  the  subject. 
In  1896,  he  himself  wrote  "Power  Transmission  for  Electric  Rail- 
roads," and  in  1897,  "Electric  Power  Transmission,"  both  of 
which  books  were  soon  widely  known. 

In  1895,  he  entered  the  profession  of  consulting  engineering 
in  Boston.  He  continued  in  this  work  for  the  rest  of  his  Ife.  At 
first,  his  work  dealt  mainly  with  electric  power  transmission,  but 
afterwards  he  took  up  electric  lighting  more  particularly,  and  later 
on  he  specialized  in  electric  illuminating  engineering.  He  pub- 
lished, in  1902,  the  text  book  "The  Art  of  Illumination,"  which 
became  a  classic  in  that  field.  He  lectured  frequently  on  illu- 
mination both  at  Harvard   University,   the  Massachusetts  In- 
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stitute  of  Technology  and  elsewhere.  He  was  President  of  the 
Illuminating  Engineering  Society  in  1908,  and  was  an  active 
member  of  several  of  its  important  committees.  He  continued  to 
work  for  the  Society  up  to  the  last.  He  was  also,  for  about  ten 
years,  a  Vice-President  of  the  Illuminating  Engineering  Society 
of  Great  Britain. 

Although  he  was  always  engaged  in  engineering  work,  he  was 
keenly  interested  in  pure  science,  especially  in  optics  and  optical 
astronomy.  His  book  "The  Telescope,"  published  in  1922,  is 
delightful  to  read,  both  from  the  practical  and  historical,  as  well 
as  the  purely  optical  view  points.  He  was  a  member  of  the 
American  Astronomical  Society,  and  of  the  Board  of  Visitors  of 
the  Harvard  Observatory. 

He  was  a  member  of  the  American  Academy  of  Arts  and 
Sciences,  was  on  its  Rumford  Medal  Committee,  and  contributed 
various  papers  to  its  volumes,  particularly  on  optics.  A  list  is 
appended  of  his  papers  in  the  Proceedings  of  the  Academy,  and 
in  those  of  the  Illuminating  Engineering  Society,  only.  No  at- 
tempt will  be  made  here  to  give  a  list  of  his  contributions  to  tech- 
nical literature  generally,  because  their  name  is  legion.  The 
fertility  of  his  inventiveness  is  also  shown  by  the  fact  that  he 
took  out  more  than  forty  patents,  mainly  in  the  applications  of 
optics  and  illumination. 

During  the  Spanish  American  War,  Dr.  Bell  was  Technical 
Officer  of  the  Volunteer  Electrical  Corps,  dealing  with  electrical 
harbor  and  Atlantic  coast  defenses  from  the  Chesapeake  Bay  to 
the  Canadian  Border. 

In  the  Great  War,  he  was  a  member  of  the  Advisory  Committee 
on  the  (>ouncil  of  National  Defense.  He  was  specially  occupied 
with  t(*lescopi('  sights  for  naval  guns.  \\v  also  developed  a  very 
practicable  Hystcin  of  invisil)le  sigiialHng  by  ultra-violet  hglit. 

Dr.  Hell  in.'inicd  S.nrali  (i.  1  IcnuMuvny  of  Soin(M\ilU\  Mjuss. 
in  189,^,  wlio  willi  Ills  son  Louis  and  two  grandcluldriMi,  survives 
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him.  Bell  was  a  home-making  and  home-loving  man,  shining 
most  brightly  when  acting  as  host.  He  was  a  witty  and  gracious 
conversationalist,  loving,  for  its  own  sake,  a  humor  which  never 
degenerated  into  satire  or  sarcasm. 

In  his  leisure  hours,  which  were  rather  few  and  far  between. 
Bell  enjoyed  rifle  and  revolver  shooting.  He  was  always  a  good 
marksman,  and  indeed  maintained,  in  that  way,  a  family  tradition 
of  several  generations.  The  Bells  were  always  good  shots.  He 
was  a  member,  and  had  been  the  President,  of  the  Massachusetts 
Rifle  Association.  He  also  held  at  one  time  (New  York,  1892)  the 
American  amateur  revolver-shooting  championship.  In  1903,  he 
was  one  of  a  team  of  the  American  Revolver  Association  which 
won  an  international  shooting  match  with  a  similar  French  team. 
He  would  often  spend  his  Saturday  afternoons  on  the  rifle  range 
at  Walnut  Hill,  Mass.,  where  he  was  very  popular  and  had  many 
friends.  He  looked  upon  the  rifle  rather  as  an  instrument  of 
scientific  precision  in  target  hitting,  than  as  a  deadly  weapon.  He 
was,  on  the  other  hand,  however,  an  eager  student  of  military 
history. 

Some  two  years  ago,  his  usually  robust  health  broke  down  with 
an  attack  of  pneumonia  and  after  that  it  failed  rapidly;  but  his 
courage  was  invincible.  At  the  last,  he  had  great  hopes,  although 
in  reality  quite  illusory  hopes,  of  recovery.  He  passed  away? 
happily,  during  sleep,  on  June  14,  1923.  His  final  resting  place 
is  among  the  tombs  of  his  kindred,  at  the  quiet  village  cemetery 
of  Chester,  in  the  farming  country  of  New  Hampshire,  where 
many  of  the  old  present  homesteads  were  celebrated  in  colonial 
times. 

Five  days  after  his  death,  the  posthumous  honorary  degree  of 
Doctor  of  Science  was  awarded  to  him  by  his  alma  mater,  Dart- 
mouth College.  Dr.  E.  M.  Hopkins,  the  President,  delivered  on 
that  occasion  the  following  allocution,  which  Dr.  Bell's  numerous 
friends  will  heartily  endorse: 
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"Louis  Bell,  teacher,  writer,  investigator;  pioneer  in  the  de- 
velopment of  electrical  transmission;  authority  in  the  fields  of 
illumination  and  optics;  fruitful  in  the  work  of  making  the  ac- 
cumulations of  the  laboratory  of  service  to  mankind;  whose 
scientific  achievements  have  been  combined  with  wide  interest 
in  literature  and  art,  and  who,  as  a  writer  and  lecturer,  has  brought 
literary  finish  and  quiet  humor  to  the  exposition  of  sound  common 
sense;  loyal  alumnus  of  the  college,  and  ever  interested  in  her 
welfare". 

PUBLICATIONS  BY  DR.  LOUIS  BELL  IN  THE  PROCEEDINGS  OF 
THE  AMERICAN  ACADEMY  OF  ARTS  AND  SCIENCES 

'The  Physiological  Basis  of  illumination."  Vol.  43,  No.  4,  1907. 

''Note  on  some  Meteorological  Uses  of  the  Polariscope."  Vol. 
43,  No.  15,  1907. 

"On  the  Opacity  of  Certain  Glasses  for  the  Ultra-violet."  Vol. 
46,  No.  24,  1910. 

"On  the  Ultra-violet  Component  of  Artificial  Light."  Vol.48, 
No.  I,  19 1 2. 

"Types  of  Abnormal  Color  Vision."    Vol.  50,  No.  i,  1914. 

"The  Pathological  Effects  of  Radiant  Energy  upon  the  Eye." 
(with  F.  H.  Verhoeff  and  C.  B.  Walker),  Vol.  51,  No.  13,  1915. 

"Ghosts  and  Oculars."    Vol.  56,  No.  2,  1920. 

"Notes  on  the  Early  Evolution  of  the  Reflector."  Vol.  57,  No. 
4,  1921. 

PUBLICATIONS  BY  DR.  LOUIS  BELL  IN  THE  TRANSACTIONS 
OF  THE  ILLUMINATING  ENGINEERING  SOCIETY 

"The  IHumination  of  the  Building  of  the  Edison  Electric 
Illuminating  Comjiany  of  Boston"  (with  L.  B.  Marks  and  W. 
D'A.  Ryan).     Vol.  II,  No.  7,  1907. 

"Coefficients  of  DifTusc^  Reflections."     Vol.  IT,  No.  7,  1007. 

"Response  (o  the  Addn^ss  of  Wclconic  fo  ConvcMition."  \'ol. 
IV,  No.  7,  igog. 

"The  Principles  of  Shades  nnd  I^cflectors."  \'(>l.  IV,  No.  8, 
igog. 
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''Street  Photometry."    Vol.  V,  No.  5,  1910. 

'Thotometry  at  Low  Intensities."    Vol.  VI,  No.  7,  191 1. 

''Report  of  Committee  on  Progress"  as  Chairman  of  Commit- 
tee.   Vol.  VI,  No.  7,  191 1. 

"The  Pathological  Effects  of  Radiation  on  the  Eye"  (with 
F.  H.  Verhoeff).    Vol.  XVI,  No.  9,  192 1. 

"Report  of  Sub-Committee  on  Glare"  as  Chairman.  Vol. 
XVII,  No.  10,  1922. 


REFLECTIONS 

Big  Lights  for  Night  Flights 

/'^  REAT  electric  beacons  capable  of  generating  a  beam  of  a 
^J  half  billion  candlepower  will  guide  pilots  of  transcontinental 
mail  planes  in  their  night  flights. 

One  of  these  huge  lights,  to  be  the  western  terminal  of  a  chain 
of  beacons,  is  on  its  way  today  to  Cheyenne,  Wyo,.  from  the 
Brooklyn  plant  of  the  Sperry  Gyroscope  Company. 

The  non-stop  flights  are  to  be  so  timed  that  east  of  Chicago 
and  west  of  Cheyenne  the  flying  in  either  direction  will  be  by 
daylight.  Between  those  two  cities  will  be  what  aviators  call  a 
''dark  belt." 

As  the  pilot  passes  over  Chicago  at  sunset  he  will  peer  ahead, 
and  some  hundred  miles  distant  will  see  the  500,000,000  candle- 
power  beacon  whirling  around  at  a  low  angle  at  three  revolutions 
a  minute.    He  will  direct  his  flight  to  the  soiu-ce  of  this  light. 

When  he  has  passed  it  he  will  glance  backward,  guiding  him- 
self by  the  light  he  has  left  behind  until  he  picks  up  the  rays  of 
the  next  series  of  beacons.  Five  of  these  lights  will  be  spaced  at 
200-mile  intervals,  covering  the  dark  zone,  approximately  1,000 
miles.  They  will  be  at  Chicago,  Iowa  City,  Iowa;  Omaha,  North 
Platte,  Neb.,  and  at  Cheyenne. 

Two  lights  are  already  in  place.  The  apparatus  shipped 
yesterday  is  the  third,  and  two  more  will  be  dispatched  soon. 
Less  powerful  beams  set  at  stations  about  twenty-five  miles  apart 
along  the  air  lane  will  illuminate  fields  where  emergency  landings 
may  be  made.    The  Evening  Mail,  June  13,  1923. 

Electric  Lamps  Will  Aid  Sun  in  Growing  of  Laboratory  Plants 

A  STATEMENT  issued  yesterday  by  Dr.  William  Crocker, 
^  ^  research  director  of  the  new  Thompson  Institute  for  Plant 
Research  which  Col.  WiUiani  H.  Thomi)son  is  estabhshing  in 
Yonkers  at  a  first  cost  of  more  than  $500,000,  gave  further  details 
of  the  plan  by  which  powerful  electric  lami)s  are  to  supplement  sun- 
light in  growing  plants.  Invent ually  tlu^  institution  is  to  cost 
$2,500,000. 
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"This  new  institution,  with  its  gardens,  greenhouses  and 
laboratories,"  said  Dr.  Crocker,  *'is  to  be  to  plants  and  flowers  what 
the  Rockefeller  Institute  is  to  humanity.  In  other  words  it  is  to 
study  and  try  to  cure  diseases  of  plants  and  flowers  and  other 
vegetation." 

Dr.  Crocker  has  had  wide  experience  as  head  of  plant  physiology 
of  the  University  of  Chicago.  On  the  board  of  trustees  are  the 
business  group,  consisting  of  Col.  Thompson,  C.  C.  Dula  and 
Theodore  Shulz,  and  the  scientific  group,  including  Prof.  John 
Coulter  of  the  University  of  Chicago,  Prof.  L.  R.  Jones  of  the 
University  of  Wisconsin,  Dr.  Raymond  Foss  Bacon,  consulting 
chemist  of  New  York  City,  and  Dr.  Crocker. 

Col.  Thompson  said  recently:  ''In  another  century  this  country 
must  feed,  clothe  and  shelter  several  hundred  millions  of  people 
instead  of  100,000,000  as  now." 

The  laboratories  are  to  be  located  on  a  nine  acre  plot  at  1086 
North  Broadway,  Yonkers. 

In  these  chambers  the  temperature,  humidity,  carbon  dioxide 
concentration  of  the  air  and  the  quality,  intensity  and  duration  of 
light  can  be  adjusted  at  will  and  automatically  maintained.  In 
other  words,  the  experimenter  can  manufacture  climate  and  at- 
mosphere to  suit  the  needs  of  the  experiment.  New  York  Herald, 
June  24,  1923. 

Non-Fading  Light  Needed  to  Preserve  Colors 

THERE  are  numberless  examples  of  paintings  which  have 
faded  beyond  all  semblance  of  their  pristine  selves.  Very 
serious  loss  of  color  has  taken  place  in  many  museum  specimens 
which  it  was  imperative  to  preserve  as  nearly  as  possible  in  their 
original  state.  In  an  endeavor  to  combat  this  deterioration  Sir 
Sydney  Harmer  of  the  British  Museum  has  within  the  last  few 
years  conducted  a  long  series  of  experiments  to  determine  the 
character  of  color  changes  produced  by  the  exposure  of  pigments 
to  sunlight  or  other  light,  the  cause  of  these  color  changes  in  so  far 
as  it  may  be  ascertainable,  and  particularlj^  the  possible  remedies. 
The  experiments  were  made  by  exposing  pigmented  and  other 
objects  under  plain  and  tinted  glasses  with  a  control  series  under 
black  glass,  the  exposure  lasting  for  several  years.  The  screening 
glasses  covered  a  range  from  practically  light  window  glass  to  a 
strongly  absorbing  glass  similar  to  what  used  to  be  known  as 


REFLECTIONS  513 

Euphos  ordinary  yellow  green,  cutting  off  all  the  ultra-violet  and 
most  of  the  violet  and  blue.  This  last-named  glass  had  decidedly 
too  strong  a  color  to  be  a  satisfactory  permanent  housing.  Years 
before  this  same  ground  had  been,  for  the  same  good  purpose, 
pretty  thoroughly  explored  by  Dr.  Russell  and  Sir  William  Abney. 

The  first  fact  which  was  clearh^  established  was  that,  on  the 
whole,  fading  from  the  action  of  light  does  not  ordinarily  take 
place  in  the  absence  of  oxygen  and  moisture.  This  immunity 
probably  does  not  extend  to  some  of  the  very  fugitive  dj^es  like 
erythrosine,  but  the  relation  is  generally  true  that  where  there  is 
no  oxygen  and  no  water  there  is  no  fading.  Moreover,  as  might 
be  anticipated  from  our  general  knowledge  of  photochemical  re- 
actions, the  strongest  fading  effects  were  produced  by  direct  sunlight, 
which  was  at  least  a  score  of  times  more  injurious  than  the  strong 
devised  daylight.  The  control  experiments,  which  freely  let  through 
a  large  part  of  the  heat  associated  with  the  illumination,  showed 
plainly  that  the  effect  of  heat  as  such  was  substantially  negligible. 

Fading  due  to  artificial  electric  light  was  much  less  than  even 
with  devised  daylight — about  one-sixth  as  much  according  to  the 
experiments — the  electric  light  used  for  the  comparison  being  a 
powerful  gas-filled  incandescent  lamp.  Such  a  lamp  is  by  no 
means  free  from  ultra-violet  radiation;  hence  there  is  the  proba- 
bility that  a  toning  screen  which  would  hold  down  the  radiation 
on  objects  to  something  substantially  within  the  limits  of  the 
visible  spectrum  would  be  of  material  assistance  in  still  further 
preventing  fading.  Indeed,  artificial  daylight,  when  not  abnorm- 
ally rich  in  blue,  gives  promise  of  displaying  colored  objects  as  in 
a  museum  to  better  advantage  in  many  respects  than  natural 
dayHght.  However,  one  must  remember  that  while  a  great  deal 
of  photochemical  activity  has  been  charged  up  to  the  ultra-violet 
light,  pretty  nearly  every  part  of  the  spectrum  has  under  favorable 
circumstances  a  chemical  effect  upon  something. 

From  a  practical  standpoint  it  would  seem  to  be  worth  while 
to  work  out  a  source  of  non-fading  light  and  then  take  up  wherever 
possible  the  additional  problem  of  preserving  valuable  objects  with 
a  still  greater  probability  of  success  by  s(*aling  them  from  tlu^  air. 
There  is  probably  no  such  thing  as  absolute  prevention  of  all 
fading,  but  if  th(^  danger  could  be  put  far  off  down  the  centuries 
by  means  which  now  can  l)e  easily  aj)|)lic(l  \\\v  end  would  seem 
well  worth  the  effort.     Kleclrical  World,  May  12,  1923. 


514  TRANSACTIONS  I.  E,  S.,  JULY,   1923 

200,000,000  Tungsten  Lamps  Sold  in  1922 

THE  total  sales  of  tungsten  filament  incandescent  lamps 
(excluding  miniature  lamps)  in  the  United  States  during  1922 
amounted  to  slightly  over  200  million  lamps.  This  is  a  25  per  cent 
increase  over  the  192 1  sales  of  160  millions,  and  is  within  one  per 
cent  of  the  202  millions  sold  in  1920. 

There  were  less  than  three  million  carbon  lamps  sold  in  1922, 
compared  with  six  million  in  192 1  and  nine  million  in  1920.  It  is 
apparent  that  the  carbon  lamp  will  soon  disappear  from  the  mar- 
ket; it  is  now  a  negligible  item  in  the  total  lamp  sales. 

Lamp  manufacturers  have  developed  a  coloring  material  for 
lamps  which  has  been  very  satisfactory.  It  is  sprayed  on  the 
lamp,  is  weatherproof  and  does  not  fade.  It  is  much  better  than 
the  artificial  coloring  material  previously  used,  which  was  applied 
by  dipping  the  lamp  in  the  coloring  solution.  It  faded  rapidly  and 
was  not  weatherproof. 

The  sprayed  color  is  even  more  uniform  in  color  than  natural 
colored  glass  bulbs  which  vary  in  color  due  to  variation  in  density 
and  thickness  of  individual  bulbs.  Sprayed  colored  lamps  can  be 
supplied  more  quickly  than  natural  colored  glass  lamps,  as  the 
sprayed  color  can  be  quickly  applied  to  clear  lamps  in  stock, 
whereas  the  natural  colored  glass  lamps  usually  have  to  be  made 
to  order  and  often  the  bulbs  have  to  be  specially  blown.  Only 
four  colors  are  supplied,  which  are  a  standard  shade  of  red,  blue, 
green  and  yellow. 

The  sprayed  colored  lamp  .is  no  more  expensive  than  dipped 
colored  lamps  and  is  cheaper  than  natural  colored  glass.  The 
sprayed  color  can  also  be  satisfactorily  used  on  Madza  C  lamps 
up  to  and  including  the  150-watt  size. 

Colored  lamps  are  less  efficient  than  clear  or  frosted  lamps 
and  should  therefore  be  used  only  for  decorative  purposes.  N.  E. 
L.  A.  Lamp  Committee  Report. 
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NEW  DEVELOPMENTS  IN  ART  GALLERY 
ILLUMINATION* 


BY  G.  T.  KIRBY  AND  L.  X.  CHAMPEAU** 


SYNOPSIS:  In  this  paper  the  authors  point  out  the  importance  of  the  proper  lighting 
of  art  galleries,  that  is,  to  hght  each  object  as  nearly  as  possible  in  the  same  manner  as  when 
the  object  was  executed,  without  interfering  with  the  architecture  of  the  room  or  devoting 
special  space  for  individual  objects. 

They  explain  how  with  deflectors  and  prismatic  glass  they  control  the  daylight  bringing 
it  to  the  objects  at  the  proper  angle,  and  maintaining  it  at  that  angle  and  intensity  throughout 
the  day  and  the  seasonal  changes. 

The  authors  further  explain  how  with  special  lenses  and  deflectors  they  succeeded  in 
producing  artificial  light  of  nearly  a  uniform  intensity  the  full  height  of  the  picture  zone,  that 
compared  favorably  with  the  dayhght.  This  was  accomplished  without  sacrificing  the  archi- 
tecture of  the  room  and  without  glare. 

If  we  have  made  a  success  of  the  hghting  of  The  American  Art 
Galleries,  as  we  believe  we  have,  it  is  due  to  the  fact  that  we  know 
what  Art  Galleries  are;  what  the  needs  of  the  lighting  of  Art 
Galleries  are  and  with  careful  study  and  many  experiments,  we 
have  brought  about  a  good  sound  result.  Of  course,  you  often 
start  with  a  theory  and  I  am  mighty  proud  of  the  fact  that  years 
ago — many  more  years  than  most  of  you  here  can  boast  of — 
I  was  an  undergraduate  in  the  school  of  Mines  and  had  the  rare 
good  fortune  of  studying  under  two  great  men  among  other  great 
men.  One  was  Prof.  Hallock  (then  Professor  of  Physics)  who  is 
now  dead.  The  other  was  Professor  Pupin,  then  Professor  of 
Electrical  Engineering,  as  he  is  today,  one  of  our  greatest,  if  not 
our  greatest,  scientist. 

•A  pnpcr  presented  before  the  New  York  Section  uf  ilic  Illuiuiuuting  Engineering  Society. 
April  3,  103J. 

**Kirby,  CImmpcau  Co.,  Inc.  .New  York  City. 

Thi'  llluininiitiiiK  I^ftKiiu-cring  Society  ia  not  roHpomiiblo  for  tho  stjiliMiuMit.s  or  opinions 
advanr«-<i  by  runtributorw. 
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Hallock  was  always  "bugs"  on  lighting.  It  was  his  fad  and 
fancy  in  every  way.  Some  of  you  may  remember  that  not  long 
after  the  beautiful  library  up  on  Morningside  Heights  was  built,  the 
lighting  there  was  very  poor.  So  Hallock  placed  right  in  the  center 
of  that  dome  a  tremendous  globe  and  he  threw  on  to  that  globe 
from  four  or  eight  corners  of  the  rotunda,  Hghts  which  were  re- 
flected down  upon  the  writing  desks  and  gave  a  general  soft 
illumination  to  the  entire  library. 

Well,  I  thought  that  was  a  great  stunt.  So  it  happened  that 
a  few  years  afterward  when  I  got  some  lighting  ideas  in  my  own 
head,  I  went  up  to  Hallock  and  he  and  I  had  a  heart-to-heart  talk 
as  to  whether  I  was  an  awful  fool  or  somewhat  of  a  wise  man  and 
whether  I  should  go  ahead  on  it. 

Shortly  after,  Hallock  died  and  Cushman  helped  me  out  in  a 
lot  of  these  experiments.  I  had  the  craziest  ideas  that  a  young 
man  ever  had.  I  thought  we  could  put  up  in  this  town  a  forty- 
story  building.  However,  big  art  galleries  need  to  be  near  the 
sidewalks  because  ofttimes  when  we  have  an  exhibition  such  as 
we  have  on  now,  there  are  literally  thousands  of  persons  coming  in 
every  day  to  see  them,  and  you  can't  carry  a  crowd  as  big  as  that 
in  elevators;  so  you  must  have,  as  you  see  we  have,  wide  stairways 
leading  up  to  the  rooms  in  order  to  give  ready  access  to  and 
from  them. 

Real  estate  is  so  expensive  in  New  York  that  I  thought  we 
would  combine  the  art  galleries  on  the  second  floor  and  occupy 
the  space  above.  So  my  bughouse  plan  was  to  put  a  forty-story 
building  on  the  plot  but  have  about  ten  stories  over  the  second 
story  vacant,  the  idea  being  that  the  daylight  would  come  in  from 
all  four  sides  and  come  down  through  the  skylights  and  light  up 
the  rooms  and  objects  therein.  It  would  have  been  all  right  if 
the  building  had  been  out  on  a  plain,  but  I  promptly,  in  my  theory, 
forgot  that  adjoining  buildings  would  soon  go  up  around  us  and 
that  those  side  lights  would  be  shut  off. 

It  is  very  important  in  showing  artistic  property  to  be  able  to 
show  it  in  its  true  color  value.  The  artist  goes  out  into  the  field 
or  into  a  studio  to  paint;  he  does  not  do  it  by  artificial  light.  His 
color  values,  his  color  balance  is  as  the  daylight  shows  them.  Of 
course,  his  picture,  or  tapestry  or  fabric,  whatever  it  may  be  that 
he  is  working  on,  may  be  equally  beautiful  under  a  yellow  gas 
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light  or  an  old-fashioned  carbon  filament  or  whatever  the  illumi- 
nant  may  be,  but,  even  though  it  is  beautiful,  it  is  seldom  if  ever  under 
such  artificial  light  shown  in  the  same  way  as  the  artist  painted 
it  and  as  the  artist  intended  it  to  be  seen. 

Another  thing  which  one  should  always  remember  is  that  the 
light  coming  from  directly  over  a  picture  or  even  a  tapestry  or 
any  art  object,  ofttimes  throws  shadows  from  the  pigment  or 
from  the  material  in  a  way  that  the  artist  never  intended,  distort- 
ing his  drawing  and  giving  it  a  very  different  effect  from  what  the 
picture  was  intended  to  give.  All  you  have  to  do  to  prove  that 
very  important  point  is  to  notice  the  thousands  of  advertising 
signs  as  we  now  see  them  when  we  walk  up  and  down  our  streets 
and  avenues — first  we  see  a  young  lady  putting  on  a  stocking; 
then  we  go  about  five  feet  more  and  she  is  taking  it  off,  or  some- 
thing like  that.  You  know  what  they  are  better  than  I.  But  that 
is  the  whole  thing;  it  is  the  angle  from  which  you  look  at  it,  the 
angle  from  which  the  light  strikes  those  lines. 

So,  in  illuminating  a  beautiful  artistic  object,  you  have  to  be 
very  careful  that  the  rays  of  light,  whether  they  are  daylight  or 
artificial,  strike  the  object  in  the  way  that  the  artist  intended 
they  should  strike  it  and  in  the  way  that  the  artist  painted. 

When  you  walk  through  these  galleries — as  you  are  going  to 
do  very  shortly — and  have  the  pleasure  not  only  of  seeing  our 
lighting  devices,  but  of  seeing  the  greatest  collection  of  highly 
artistic  property  which  for  many  and  many  a  year  has  been  gathered 
together  (The  Solomon  Collection)  just  note  how  clearly  not  alone 
the  color  values  come  out,  but  how  clearly  you  see  the  picture,  as 
if  daylight  instead  of  electric  light  were  the  illuminant. 

You,  of  course,  are  only  secondarily  interested  in  daylight  ing, 
but  you  should  be  very  much  interested  in  it  because  one  great 
thing  in  art  galleries  is  to  have  the  lighting  so  that  when  you 
change  from  your  daylight  to  your  artificial  light  or  from  your 
artificial  to  daylight,  it  will  hardly  be  observed.  Many  times  in 
these  (lallerics,  when  the  crowds  come  up  in  the  daytime  and  it 
suddenly  becomes  dark— as  it  has  several  times  this  spring —  W(^ 
switch  on  the  artificial  light  and  the  people  in  the  (lalleries  at  the 
time  do  not  know  whether  th(M*(»  has  \)vcn  any  change  or  not. 
That  is  a  very  good  test  of  your  lighting  efiiciency. 

Of  course,  in  daylight,  (if  I  may  speak  of  that  ior  a  moment) 
as  we  all  know,  Uiv  artist  is  striving  for  what   is  calliMl  "North 
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light."  It  really  does  not  make  much  difference  where  the  light 
comes  from,  whether  it  is  north,  south,  east  or  west.  What  he  is 
really  striving  for  is  a  reflected  light,  a  light  that  comes  from  a 
million  and  one  different  points.  As  old  Hallock  used  to  say: 
"What  he  is  striving  for  is  the  million  reflectors,  little  dust  motes 
in  the  atmosphere  that  reflect  the  sun,"  because,  after  all,  the  sun  is 
the  source  of  our  daylight  and  it  would  be  very  easy  to  give  an 
absolutely  correct  daylight  at  all  times  were  it  not  that,  as  the  old 
colored  preacher  proclaimed,  ''the  sun  do  move." 

It  was  only  the  day  before  yesterday  that  I  went  into  one  of 
our  best  known  galleries  here  in  the  city,  and  let  us  say  there 
(indicating)  was  the  north  wall,  this  (indicating)  the  south,  be- 
hind me  is  east,  of  course,  and  that  (indicating)  is  west.  It  was 
about  one  o'clock  and  the  sun  at  this  time  of  the  year  is  somewhat 
in  the  south,  as  you  know.  That  north  wall  which  was  covered 
with  prints  was  simply  bathed  in  a  glorious  yellow  sunlight,  and 
that  wall  (indicating)  was  in  shadow.  Well  now,  it  was  beautiful 
as  an  object  of  sunlight,  but  to  show  anything  on  the  walls  was 
simply  absurd  because  that  wall  (indicating)  should  have  been  of 
the  same  illumination  as  that  (indicating)  and  the  east  and  the 
west. 

What  we  have  done  here,  as  Mr.  Champeau  will  show  you, 
much  more  plainly  than  I  can  because  he  is  the  practical  man,  is 
really  to  construct  louvers  which,  in  effect  at  all  hours  of  the  day, 
redirect  the  varying  sunlight  and  give  it  a  constant  direction.  It 
would  be  easy  if  the  light  were  always  coming  down  from  above, 
then  you  could  diffuse  it  without  any  difficulty.  As  it  is,  it  comes 
up  here  low  in  the  east  and  we  have  horizontal  deflectors  which 
let  the  same  amount  of  light  through  as  it  reflects  to  the  opposite 
wall;  and  we  have  vertical  deflectors  which  do  the  same  for  the 
east  and  the  west  walls  which  the  horizontals  do  for  the  north 
and  south. 

It  might  very  well  be  described  as  a  lot  of  cubes.  You  have 
seen  eggs  packed  in  such  pasteboard  boxes;  that  is  exactly  what 
we  have  over  our  skylights,  the  sides  are  parallel  when  the  sun 
is  east  and  west,  but  as  the  sun  passes  from  east  to  west  the 
vertically  pivoted  deflectors  are  kept  at  right  angles  to  a  vertical 
plane  passing  through  the  sun  and  the  sides  of  the  cubes  are  then 
''lop  sided."  The  material  of  the  sides  of  those  little  compart- 
ments instead  of  being  opaque  are  of  diffusing  substance,  so  that 
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Fig.  3 — Showing  end  and  side  of  typical  gallery  by  daylight;   note   the  uniform 
lighting  of  walls  and  lack  of  intense  light  usually  found  in  center  of  galleries. 


Fig.  4 — Same  gallery  as  above  viewed  at  night. 
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some  of  the  light  goes  through  to  the  wall  facing  the  sun  and  an 
equal  amount  is  reflected  to  light  the  wall  facing  away  from  the 
sun. 

In  other  words,  the  light  is  scattered,  and  that  is  what  you 
want  to  do.  You  want  to  break  it  up  so  that  no  direct  sunlight 
will  reach  the  gallery. 

This  apparatus  serves  the  purpose  very  well  but  the  downward 
component  of  light  is  still  too  great,  lighting  the  center  of  your 
room  more  than  the  walls,  and  you  would  have  with  that 
lighting,  an  effect  verj^  much  the  same  as  you  have  in  this  room. 
You  are  sitting  here  in  a  light  that  you  can  read  by,  that  you  can 
see  each  other  by,  but  your  walls  are  comparatively  dark.  In  the 
main  Gallery  which  Mr.  Champeau  and  Mr.  Day  will  show  you, 
that  light  as  it  comes  down  is  taken  by  prismatic  glass  and  thrown 
to  the  four  walls.  So  that,  instead  of  coming  directly  down,  it 
comes  down  to  that  glass  and  then  it  is  bent  and  sent  to  the  walls. 
Therefore,  in  that  room  you  will  find  a  practically  even  illumina- 
tion, not  alone  of  the  walls,  but  of  the  floor  and  it  is  done  without 
hanging  that  hideous  and  unnecessary  canopy  from  the  top  or  by 
putting  in  any  of  the  many  devices  which  are  eye-sores  and  which 
you  see  in  so  many  museums. 

Now  we  come  to  the  night  lighting  which  is  equally  if  not  more 
important,  because  it  has  to  do  not  alone  with  galleries  where  you 
must  have  your  top  lights  for  the  color  values  of  which  I  have  spok- 
en, but  also  for  homes,  for  places  where  pictures  and  tapestries  and 
other  beautiful  things  are  shown.  What  we  have  done  in  the 
Galleries  is  just  as  adaptable  for  homes  as  it  is  for  the  Galleries. 
In  point  of  fact,  we  have  just  installed  in  the  home  of  one  of  our 
young  men  of  good  fortune  and  good  philanthropy  as  well,  re- 
flectors to  light  his  million  dollar  tapestries. 

The  great  trouble  with  most  of  our  reflectors  which  help  in 
the  illumination  of  our  walls  in  galleries  and  other  places  is  that 
we  have  to  drop  them  down  from  the  ceiling.  When  we  do  that, 
we  arc  doing  something  which  is  bad  in  many  ways.  Primarily, 
it  looks  l)a(l.  You  don't  like  to  see  something  hanging  down  in 
that  way.  Next:  It  cuts  right  around  the  wall  so  that  if  you  were 
looking  at  a  largo  picture  or  a  tapestry  or  hanging,  you  have  that 
line  of  your  reflector  everlastingly  in  your  ev(\^.  Next,  and  just 
as  important :  In  the  daytime,  when  the  light  couk^s  from  your  sky- 
light, you  have  the  shadow  of  that  reflector  thrown  on  tlu>  wall 
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thereby  putting  the  shadow  on  the  picture  or  whatever  is  there, 
and  you  can't  cut  it  out.  Even  here  where  there  are  no  shades 
to  draw,  where  these  louvers  or  deflectors  take  the  place  entirely 
of  shades,  and  where  we  can  cut  out  all  the  light  or  a  large 
part  of  it  any  time  we  want  to,  there  is  always  that  shadow  where 
there  is  a  hung  reflector.  So  you  will  find  that  our  reflectors  are 
right  up  in  the  ceihng  where  the  skylights  are.  In  point  of  fact, 
they  make  an  ornamental  border  for  the  skylight,  it  depends  of 
course  upon  the  proportion  of  your  room  to  where  those  reflectors 
are  placed. 

If  those  reflectors  were  the  only  thing  you  had  you  would  find 
your  room  dark  in  the  center.  You  must,  therefore,  in  addition 
to  those  reflectors,  place  your  artificial  lights  over  your  skylights 
to  give  the  general  illumination  of  the  room.  You  can  project 
through  your  lower  skylight,  enough  light  from  reflectors  above 
to  light  your  walls,  but  to  do  that  is  expensive  and  it  does  not 
give  you  the  ease  of  control  that  you  have,  nor  does  it  give  you 
the  big  point  that  we  are  striving  for  in  picture  or  other  art  ob- 
ject illumination  and  that  is  this:  To  have  that  object  equally 
illuminated  both  as  to  the  bottom  and  the  top — the  whole  picture, 
let  us  say,  to  have  an  equal  illumination — so  that  in  the  photo- 
metric test,  you  would  find  the  same  intensity  of  light  at  the  top, 
bottom,  in  the  middle  and  the  sides,  because  that  is  the  way  that 
object  was  made,  painted,  woven  or  whatever  the  case  might  be. 

As  we  know,  and  as  the  diagram  which  will  shortly  be  shown 
to  you  graphically  shows,  when  light  starts  out  from  a  point, 
it  spreads  out  and  most  reflectors  do  necessarily  spread  the  light 
to  give  a  wide  enough  path  of  that  light  to  take  in  the  entire 
picture  and,  as  it  spreads,  the  intensity  diminishes  and  the  con- 
sequence is  that  you  have  the  top  of  your  picture  which  is  near 
the  reflector  over-illuminated  and  the  bottom  of  the  picture  which 
is  away  from  the  reflector  under-illuminated.  What  we  do  to 
overcome  that  is  simple;  there  is  nothing  complicated  about  it. 
After  months  of  investigation  on  the  part  of  Mr.  Champeau  and 
myself  of  galleries  and  other  places  here  and  abroad  and  our  experi- 
mental gallery  (which  we  built  up  in  the  woods  and  tried  out  for 
three  years  with  all  kinds  of  devices)  we  merely  put  those  things 
together  so  that  they  would  work. 

First  of  all,  there  is  the  lamp.  That  lamp  is  set  in  front  of  a 
reflector  so  that  we  get  not  only  the  rays  from  the  lamp  itself 
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(from  the  incandescent  filament)  but  also  coming  back  through 
the  glass  from  the  reflector  behind  it.  Then  they  come  to  the 
prismatic  glass  which  is  in  front  of  both  the  filament  and,  of  course, 
the  reflector  behind  the  filament,  and  when  it  strikes  that  prismatic 
glass,  the  rays  are  brought  together  nearly  parallel  so  that  they 
come  to  the  object  in  nearly  parallel  lines.  Therefore,  j^ou  have 
practically  the  same  intensity  and  that  means  that  in  fighting 
your  picture  or  your  tapestry  or  your  bit  of  furniture,  or  metal 
or  your  Chinese  vase,  you  are  giving  that  object  the  same  intensity 
of  fight  at  its  bottom,  its  side,  its  middle  and  every  other  part  and 
without  casting  those  deep  shadows  which  you  would  get  if  you 
had  a  single  source  of  light,  because  these  reflectors  are  put  in 
series,  forming  a  continuous  band  of  light  (directed  at  the  proper 
angle),  about  the  room.  Instead  of  having  a  fight  fike  this  (indica- 
ting) which  would  throw  a  shadow  to  the  left  or  to  the  right,  you 
have  them  coming  from  both  sides  which  makes  the  object  stand 
out  as  the  artist  intended  it  to. 

Well,  that  is  the  whole  story.  It  is  just  as  simple  as  anything 
possibly  could  be  and  you  will  see  it,  you  experts,  with  j'our  own 
eyes.  It  is  just  as  effective  with  flat  objects  as  it  is  with  round 
ones. 

The  great  sculptor  of  the  Lincoln  statue  in  the  Lincoln  Memor- 
ial in  Washington,  is  pleading  that  we  should  do  something  like 
this  with  his  figure  down  there,  to  the  end  that  it  might  stand  out 
as  he  designed  it  in  his  studio,  and  as  he  saw  a  small  object  stand 
out  here.  Our  great  dealers  in  art  objects  feel  that  now  they  have 
something  which  is  simplicity  itself. 

I  remember  well,  not  so  very  many  years  ago,  I  was  sitting  in 
a  little  studio  of  an  art  dealer  on  Bond  Street  in  London.  He  was 
pulfing  out  picture  after  picture  to  show  me.  There  was  a  dark 
Kembrandt  that  he  had  and  he  wanted  all  the  light  he  could  get 
on  it.  First  he  let  one  shade  go,  then  another,  to  bring  in  all  the 
light  from  the  skyfight.  Pretty  soon,  he  showed  me  a  picture  of 
a  snowstorm.  He  pulled  one  shade,  then  another,  to  get  a  sub- 
dued light,  because  naturally  the  intensity  for  th(^  dark  Rem- 
brandt was  entirely  too  much  for  the  snow  scene. 

Well,  with  our  lighting,  all  he  would  have  to  do  would  be 
either  to  touch  a  button  and  have  a  little  electric  control  which 
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would  turn  his  louvers  so  that  the  light  would  be  right  or  he  could 
simply  do  as  we  do  here,  turn  a  little  crank,  and  in  a  second's 
time,  he  would  have  the  illumination  that  he  wished. 

It  is  nothing  wonderful.  There  has  been  no  great  discovery. 
It  is  just  a  simple  application  of  simple  things  which  you  men  know 
a  great  deal  more  about  than  Mr.  Lawrence  X.  Champeau  and  I 
have  ever  thought  of  knowing.  But  it  has  been  done  by  coordi- 
nating the  experience  of  one  who  has  been  brought  up  as  I  have, 
practically  in  an  art  gallery,  with  one  who  has  been  brought  up 
with  a  great  practical  knowledge  of  light  and  lighting  as  one  of 
our  foremost  photographers,  and  I  deem  it  a  rare  good  fortune 
that  in  being  able  to  carry  out  these  plans  first  of  all,  I,  who  had 
somewhat  the  genesis  of  the  idea,  should  have  had  Mr.  Champeau 
cross  my  path  at  a  time  when  he  could  take  up  the  development 
of  these  ideas  and  give  them  the  practical  application  which  they 
have  been  given,  and  latterly  in  having  again  come  in  contact  with 
Mr.  Harry  Day,  who  as  an  architect  knows  proportions  and  dis- 
tances and  design,  to  take  Champeau's  ideas  and  my  ideas  and 
help  us  to  give  not  only  lighting  which  is  at  least  the  best  yet,  but 
also  proportion  of  room  and  proper  design  so  that  we  have  an 
artistic  and  perfect  home. 

On  behalf  of  the  American  Art  Association,  I  welcome  you 
here.  I  hope  you  will  have  a  good  time  seeing  not  alone  the  light- 
ing, but  the  exhibition.  On  behalf  of  Mr.  Champeau,  Mr.  Day 
and  myself,  I  trust  that  in  this  new  system  you  will  find  something 
of  interest  and  perhaps  much  of  improvement. 

DISCUSSION 

L.  H.  Graves  (Communicated):  Inasmuch  as  the  Grand 
Central  Art  Gallery  lighting  was  also  inspected  on  the  evening  of 
Mr.  Kirby's  paper  on  the  lighting  of  the  American  Art  Gallery 
and  time  did  not  permit  of  a  description  and  discussion  of  the 
lighting  of  the  former,  it  seems  appropriate  to  offer  a  brief  de- 
scription of  this  work.  In  the  Central  Galleries  there  is  no  elaborate 
attempt  at  the  control  of  daylight  by  the  use  of  a  system  of  louvres 
as  described  by  Mr.  Kirby,  though  because  of  the  location  of  the 
galleries  and  the  arrangement  of  skylights  exceptionally  good  day- 
light is  provided.  The  more  interesting  features  are  the  several 
schemes  of  artificial  lighting  employed  in  the  various  individual 
galleries.  There  are  schemes  of  direct  skylight  lighting  with  units 
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Fig.  5 — Fountain  room,  Grnnd  Central  Art  Galleries. 


Fig.  6 — TyiM«  i.f  .\-I{ay  rr(l«-c|nr  ii.tcl  for  iliri'ct  liKlitiiiu. 
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Fig.  7 — Gallery  F,  Grand  Central  Art  Galleries.     Equipment   used;   seven  500-watt 

flood  lighting  units. 


Fig.  8 — Gallery  F,  Grand  Central  Art  Galleries. 
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Fio.   9. — Fountain  Room,   Grand  Central  Art  Galleries.    Equipment  used;   twenty- 
four  No.  33  X-Ray  units  with  200-watt  Madza  Daylight  lamps. 


designed  to  control  and  distribute  the  light  as  required,  also 
schemes  of  indirect  lighting  in  the  smaller  narrow  galleries  where 
no  skyhghts  are  provided  and  also  the  rather  unique  application 
of  flood  lighting  in  one  gallery  where,  with  a  vertical  skylight,  pro- 
jector equipment  is  mounted  outdoors  in  such  a  way  as  to  flood 
the  sloping  ceiling  opposite.  This  gave  a  system  of  diffused  light 
in  the  gallery  very  much  as  when  daylight  is  admitted. 

In  the  fountain  room  (See  Figures  5  and  9)  and  in  the  two 
galleries  with  the  flat  ceiling  skylights,  where  the  reflectors  are 
mounted  above  for  direct  lighting,  projector  type  X-Ray  reflectors 
were  used  with  200-watt  daylight  Madza  C  Lamps.  (See  Figure  6) 
The  units  were  located  around  the  edge  of  the  skylight  and  by  use 
of  the  swivel  joint  mounting,  were  adjusted  to  direct  the  light  on 
to  the  opposite  walls.  The  incidental  spill  light,  together  with 
some  diffusion  caused  by  directing  the  beams  through  the  sky- 
lights, gives  ample  general  illumination  in  the  room.  The  effect 
with  the  overhipi)ing  of  light  on  the  skylight  and  the  use  of  the 
daylight  lamps  is  very  similar  to  that  attained  with  daylight.  It 
is  indeed  very  pleasing  and  most  successful  for  this  type  of  interior. 
From  twenty  to  twenty-four  units  were  used  over  the  skylight 
in  each  of  these  rooms. 

In  the  smaller  connecting  galleries  it  was  important  to  get  a 
diffused  artificial  light  high  in  int(Misity  during  the  day  time  as  well 
as  at  night,  for,  because  of  the  construction  of  the  building,  it  w:us 
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impossible  to  work  in  skylights.  Total  indirect  lighting  fixtures 
of  simple  design  were  used.  Finished  in  a  light  tone  to  match 
the  ceiling,  the  fixtures  themselves  are  hardly  noticeable. 

In  Figure  7  is  shown  section  drawings  of  Gallery  F  in  which 
the  skylight  was  in  one  of  the  vertical  walls.  The  location  of  the 
seven  500-watt  flood  lighting  units  is  shown  outside  the  room. 
As  mentioned  above  the  light  is  directed  on  to  the  sloping  ceiling 
opposite  and  diffused  over  the  entire  interior.  The  effect  is  very 
pleasing  and  the  results  from  a  lighting  point  of  view  are  entirely 
satisfactory.  With  the  use  of  blue  dajdight  lamps  in  the  other 
galleries  the  effect  was  that  of  diffused  north  fight,  while  in  this 
gallery  with  the  use  of  the  500-watt  flood  fighting  lamps  one  might 
imagine  the  room  flooded  with  warm  diffused  sunlight. 

The  equipment  and  scheme  employed  in  the  artificial  lighting 
on  this  entire  installation  was  so  simple,  yet  the  results  so  very 
satisfactory  and  so  efficiently  obtained,  that  I  believe  it  offers  an 
example  which  may  be  readily  copied  in  many  galleries  old  and 
new  throughout  the  country  that  are  now  poorly  lighted  either 
because  of  the  antiquated  equipment  or  improper  appfication. 


AESTHETIC  AND  UTILITARIAN  VALUE 
OF  LUMINAIRES* 
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SYNOPSIS:  In  order  to  properly  appreciate  the  aesthetic  value  of  an  object,  it  is  neces- 
sary to  have  a  clear  understanding  of  the  nature  of  beauty, — for  mere  sense  gratification — 
namely  of  sight  or  hearing  does  not  constitute  the  essential  attribute  of  beauty. 

According  to  ancient  Greek  philosophers,  "beauty  is  a  characteristic  of  any  object  com- 
posed of  various  elements  that  produce  a  unity  of  effects  upon  the  sensation  of  the  beholder." 

Now  there  are  certain  laws  that  seem  to  be  followed  by  all  works  of  painting,  or  sculpture, 
or  architecture,  that  the  consensus  of  opinion  of  mankind  has  judged  beautiful.  These  laws 
seem  to  be  in  accordance  with  the  working  of  man's  mind,  when  he  is  stri\ing  to  create  some- 
thing pleasing  to  his  senses,  and  they  may  be  grouped  under  three  major  heads,  of  Unity, 
Grace,  and  Proportion. 

In  designing  luminaires,  therefore,  these  laws  should  govern,  and  further,  as  the  lighting 
fixtures  should  form  an  integral  part  of  the  whole  architectural  scheme,  the  illuminating  engi- 
neer should  have  a  knowledge  of  the  architectural  styles  and  periods,  so  that  a  method  of 
lighting  will  be  in  harmony  with  the  style  of  the  room  or  building. 

While  there  are  certain  problem.s  such  as  the  lighting  of  offices  and  factories,  in  which  the 
object  of  the  light  provided  is  purely  utilitarian,  and  where  the  illuminating  engineer  has  much 
good  work  to  do  in  providing  efficient  and  serviceable  conditions  of  illumination,  there  are 
higher  fields  for  his  activity  in  connection  with  the  lighting  of  buildings  of  distinction,  where 
aesthetic  and  architectural  considerations  must  prevail. 

In  my  talk  to  you  this  evening  on  the  subject  announced,  it 
is  my  purpose  to  treat  it  from  the  Architect's  view  point.  Being 
concerned  primarily  with  architecture,  I  am  naturally  interested 
in  seeing  that  the  element  of  beauty  is  maintained  in  all  that 
pertains  to  making  a  building  beautiful. 

As  all  the  fine  arts  have  for  their  distinctive  object  the  expres- 
sion of  the  beautiful,  it  might  be  well  for  us  to  consider  briefly 
what  constitutes  the  beautiful,  without  investigating  the  philoso- 
phy of  beauty. 

An  object  admitted  to  be  beautiful  is  one  that  is  calculated  to 
awaken  a  noble  emotion.  Mere  sense,  gratification,  namely  of 
sight  or  hearing,  does  not  constitute  the  essential  attribute  of 
beauty.  For  instance,  a  painter  may  spread  upon  his  canvass  an 
array  of  meaningless  colors,  and  however  delicate  the  shades,  if 

•A  paper  prctirntod  boforo  the  Philmii-lphiu  Section  of  the  IlluiiiinutinK  I'.UKim-i'ring  Society, 
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it  is  mere  color  and  nothing  more,  we  cannot  call  the  result  beauti- 
ful, neither  can  we  call  the  single  chord  of  music  sounded  upon  an 
organ,  though  pleasing  to  the  ear,  beautiful. 

The  reason  we  cannot  apply  the  epithet  beautiful  to  such 
colors  or  sounds,  may  be  best  understood  by  the  following  com- 
parisons— If  we  will  consider  how  essentially  different  is  the  effect 
produced  upon  us  by  a  painting  of  the  seashore  or  a  forest,  and 
by  the  mere  sense,  gratification  produced  by  any  shade  or  com- 
bination of  colors;  or  again,  if  we  try  to  reaUze  the  difference 
between  the  effect  of  a  Beethoven  symphony  and  the  pleasure 
given  by  a  chord  of  music  or  succession  of  chords,  we  shall  in- 
stantly reahze  that  they  belong  to  different  categories. 

The  difference  is  not  merely  one  of  intensity  of  pleasure,  but 
that  of  the  nature  of  the  pleasure.  The  former  is,  properly  speak- 
ing, beautiful ;  the  latter  is  pleasing,  but  not  beautiful  in  the  strict 
sense  of  the  term. 

Now  there  are  certain  laws  that  seem  to  be  followed  by  ali 
works  of  painting  or  sculpture  or  architecture  that  the  consensus 
of  opinion  of  mankind  has  judged  beautiful.  Not  only  are  these 
laws  deducible  in  painting  and  sculpture  and  architecture,  but 
the  working  of  the  same  laws  or  others  closely  analogous  to  them 
can  be  found  in  good  literature  and  good  music.  These  laws 
seem  to  be  in  accordance  with  the  working  of  man's  mind,  when  he 
is  striving  to  create  something  pleasing  to  his  senses,  or  that  has 
the  quality  of  beauty,  and  they  may  be  grouped  under  three 
heads — Unity,  Grace  and  Proportion. 

The  first  of  these  is  so  universal  and  so  important  that  com- 
phance  with  it  has  often  been  recognized  as  the  sole  necessity  of 
beauty.  Pythagoras  and  Aristotle  voiced  it  in  Greece  over  two 
thousand  years  ago,  and  almost  every  philosopher  since  has  re- 
corded it  and  restated  it  when  dealing  with  the  subject  of  beauty. 
Beauty,  according  to  these  authorities,  is  a  characteristic  of  any 
object  composed  of  various  elements  that  produced  a  unity  of 
effects  upon  the  sensations  of  the  beholder.  This  definition  covers 
only  a  small  part  of  the  whole  field  of  what  men  call  beautiful; 
it  neglects  the  entire  emotional  and  associative  value  of  beauty. 
It  considers  beauty  merely  as  a  matter  of  the  senses  rather  than 
of  the  heart. 
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However,  allowing  all  the  onesidedness  of  this  definition,  it  is 
found  that  Unity  is  fundamentally  essential  to  beauty,  and  may 
be  defined  as  the  manifest  connection  of  all  the  parts  in  a  whole, 
being  the  quahty  of  an  object  by  which  it  appears  as  definitely  and 
organically  one  single  thing. 

A  simple  illustration  will  make  the  meaning  of  Unity  clearer. 
For  example,  draw  twelve  lines  at  random,  as  shown  in  the  illus- 
tration. Figure  i, — there  is  no  evident  connection  among  them — 
there  is  no  unity;  but  if  they  are  drawn  as  in  Figure  2,  unity  ap- 
pears— they  constitute  a  whole  by  virtue  of  their  arrangement.  If 
now,  [instead  of  straight  lines,  we  give  the  parts  shapes  that  are 
pleasing,  we  add  grace,  as  in  Figure  3. 


3.     (f/Z^ce:.  /iooco  roU/^/r^  ^y  r^e.  O-v^/*** 
FiR8.  I,  3  nnd  3 


By  grace  we  moan  (hat  quality  of  form  that  produces  in  the 
human  mind,  tliroiigh  change  of  direction  of  the  contour  or  out- 
linc!  of  an  object,  the  sense  of  jwrfect  ease  and  consequent  satis- 
faction. 
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Curved  forms  or  outlines  possess  the  characteristic  of  being 
more  graceful  than  those  composed  of  straight  Unes,  the  ''S"  curve 
is  called  the  ''curve  of  beauty"  because  its  everchanging  curvature 
is  particularly  fascinating. 

The  Greeks  used  it  to  the  full,  and  along  with  it  discovered  the 
value  of  gradually  changing  the  curvature  in  every  line  they  used. 
There  is  scarce  a  Greek  vase  or  a  Greek  moulding  or  ornament 
which  has  any  circular  curves  at  all,  their  outline  starting  in  nearly 
a  straight  line,  becomes  more  and  more  curved  throughout  its 
length,  and  finally  ends  in  an  abrupt  curve.  The  inside  curve  of 
the  thumb  on  your  hand  being  a  near  approach  to  this  outline. 

This  is  in  striking  contrast  with  Roman  mouldings  and  orna- 
ments, which  are  alwaj^s  composed  of  circular  curves. 

Of  equal  importance  to  grace  is  the  quality  of  proportion. 
Broadly  speaking,  this  is  the  quality  possessed  by  any  object  whose 
several  parts  are  so  related  to  each  other  as  to  give  a  pleasing  im- 
pression. It  is  primarily  a  quality  of  the  relationship  of  all  the 
units  in  an  object,  rather  than  a  quality  of  the  units  themselves. 
We  will  later  see  wherein  this  quality  is  manifest  in  our  Hghting 
fixtures. 

While  there  are  certain  problems  such  as  the  hghting  of  offices 
and  factories,  in  which  the  object  of  the  light  provided  is  purely 
utilitarian,  and  where  the  illuminating  engineer  has  much  good 
work  to  do  in  providing  efficient  and  serviceable  conditions  of  illumi- 
nations, there  are  higher  fields  for  his  activity  in  connection  with 
the  hghting  of  buildings  of  distinction,  where  aesthetic  and  archi- 
tectural considerations  must  prevail. 

If  he  really  wants  to  be  of  great  service  to  the  architectural 
profession  and  to  the  community,  he  should  understand  how  to 
adapt  a  method  of  lighting  so  as  to  be  in  harmony  with  the  style  of 
a  room,  its  furniture,  and  the  general  scheme  of  decoration. 

He  should  know  something  of  the  history  of  architecture,  and 
the  meaning  of  the  traditions  by  which  the  Architect  is  guided. 

He  should  appreciate  the  fact  that  the  light  provided  must  not 
only  serve  to  illuminate  the  table,  but  to  reveal  panels,  mouldings, 
ornaments  and  color. 

If  the  illuminating  engineer  will  study  these  things,  his  know- 
ledge of  the  technical  possibilities  of  the  various  illuminants,  of 
shade  and  reflectors,  etc.,   should  be  of  great  value.     In  the  same 


AESTHETIC  AND  UTILITARIAN  VALUE  OF  LUMINAIRES  529 

way,  it  may  be  conceded  that  some  Architects  do  not  appreciate 
sufficiently  the  aims  of  illuminating  engineering,  and  it  would  be 
well  for  them  too,  to  receive  more  information  about  illumination. 

There  are  many  instances  in  which  the  combined  efforts  of  the 
Architect  and  the  Illuminating  Engineer  would  lead  to  great  results 
and  for  the  more  important  problems  of  hghting  work  co-operation 
of  the  two  professions  is  necessary. 

In  my  talk  to  j^ou  this  evening  I  am  going  to  emphasize  the 
view  point  that  considers  the  hghting  fixtures  an  integral  part  of 
the  whole  architectural  scheme,  rather  than  attempt  to  go  thor- 
oughly into  the  details  of  the  fixtures  themselves. 

So  before  considering  actual  installations,  it  will  be  well  to 
have  some  understanding  of  the  great  architectural  styles  and  the 
sub-division  of  these  styles,  known  as  periods. 

It  is  customary,  and  indeed  fitting,  to  commence  the  study  of 
historic  art  with  its  beginnings  in  Egypt,  although  there  has  been 
left  httle  of  its  influence  in  modern  art.  Here  and  there  we  find 
an  example,  such  as  the  Egyptian  Hall  in  Wanamaker's  Store, 
which  is  a  good  example.  The  lotus  plant  is  the  principle  natural 
motive  used  as  a  basis  of  the  ornamentation  of  columns,  etc.  Walls 
and  columns  are  decorated  with  a  wealth  of  sculpture,  symbolic  or 
hieroglyphic  in  character  fashioned  within  incised  outlines  or  cut 
in  low  relief. 

GREEK  ART 

The  architecture,  sculpture  and  painting  of  the  people  of  Greek 
lands,  who,  gathering  together  the  influences  of  Asia  and  Africa, 
developed  a  national  art  which  marks  the  beginning  of  European 
civilization  and  culture.  It  was  a  style  rich  in  beauty,  yet  keenly 
practical  and  full  of  originality,  vigor,  truth,  intelligence,  color, 
moderation  and  self-restraint. 

The  importance  of  Greek  architecture  in  subsequent  evolution 
cannot  l)e  over-<»stimated.  Greek  architecture  is  fundamentally 
the  basis  of  all  modern  architecture,  in  that  from  it  sprang  the 
architecture  of  lioinc,  and  from  that  later,  the  architecture  of  the 
Renaissance,  whicli  supplanted  the  Gothic  idea. 

In  Greek  architecture,  furtherin()r(>,  il  is  possible,  for  th(^  first 
time,  to  perceive  the  origin  of  a  muHitude  of  architectural  forms 
with  which  we  are  daily  surrounded  today  mouldings,  ornainiMited 
motifs  and  the  inunortal  "(Ir(>(>k  orders"  th(Mns(»lves     forms  which 
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have  come  down  to  the  present  day,  while  those  of  ancient  Egypt 
and  Assyria  did  not  Hve  beyond  the  confines  of  their  lands,  or  after 
the  downfall  of  their  empires. 

The  Greek  evolved  the  ^'Classic  Ideal"  in  architecture,  an 
ideal  of  such  purity  and  nobility  and  perfection  that  it  has  con- 
stituted the  standard  through  the  ages,  and  is  today  the  funda- 
mental of  architectural  design. 

Greek  architecture,  elementally,  is  a  column-and-lintel  archi- 
tecture, highl}^  developed  as  time  went  on  from  the  severest  Doric 
orders  to  the  most  ornate  Corinthian  orders. 

The  names  of  the  three  orders  are — Doric,  Ionic  and  Corin- 
thian. Each  of  them  presents  a  different  series  of  proportions, 
mouldings,  features,  and  ornaments,  though  the  main  forms  of  the 
building  are  the  same  in  all.  The  column  and  its  entablature  being 
the  most  prominent  features  in  every  such  building,  have  come  to 
be  regarded  as  the  index  or  characteristic  from  an  inspection  of 
which,  the  order  can  be  recognized,  just  as  a  botanist  recognizes 
plants  by  their  flowers. 

THE  ARCHITECTURE  OF  ROME 

The  architects  of  Rome  took  Greek  architecture  and  elaborated 
it,  introducing  in  addition,  and  highly  developing,  the  use  of  the 
arch. 

The  old  Greek  Doric  order  did  not  appeal  to  the  sophisticated 
Romans,  to  whom  it  doubtless  appeared  too  severe  and  too 
primitive.  Their  corresponding  form  was  the  Roman  Doric  column 
also  called  Tuscan.  They  made  but  little  use  of  the  Ionic,  but 
appropriated  and  highly  embellished  the  Corinthian. 

Most  characteristic  of  the  Roman  development  of  architecture 
was  the  combined  use  of  column  and  arch,  later  a  favorite  theme 
for  the  architects  of  the  Italian  Renaissance. 

Roman  carving  and  ornamentation  was  rarely  so  refined  or 
pure  as  similar  work  of  the  Greeks,  but  was  usually  more  decorative. 
The  Romans  were  lovers  of  inscriptions,  and,  in  their  architecture, 
began  to  pay  more  attention  to  secular  buildings,  both  public  and 
private,  than  had  previously  been  accorded  them.  Public  works, 
such  as  aqueducts  and  bridges,  became  architectural  monuments, 
as  well  as  theatres,  baths,  and  triumphal  arches,  while  the  private 
residences,  or  villas,  became  luxurious  and  elaborate  to  a  degree, 
and  were  filled  with  paintings,  statuary,  bronzes  and  other  works 
of  art,  including  Greek  antiquities. 
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Architecture  was  fast  coming  into  a  closer  relationship  with 
the  people,  ceasing  to  occupy  its  earlier  position  of  exclusive  con- 
secration to  the  gods. 

There  were  Roman  temples,  to  be  sure,  but  there  were  an  even 
greater  number  of  Roman  secular  buildings  which  have  played  as 
important  a  part  in  the  subsequent  development  of  architecture 
as  the  earher  monuments  of  Greece. 

BYZANTINE  AND  ROMANESQUE  ARCHITECTURE 

Before  the  final  downfall  and  dismemberment  of  the  Roman 
Empire  in  the  year  455  of  the  Christian  Era,  with  all  the  elaborate 
civilization  it  had  developed,  there  grew  up  two  types  of  church 
architecture  which  struggled  on  through  the  Dark  Ages,  sustained 
by  the  warmth  of  religious  enthusiasm,  and,  in  their  way,  keeping 
the  lamp  of  architecture  burning  until  times  more  propitious  for 
its  further  development. 

These  two  styles  are  known  as  Byzantine  and  Romanesque — 
the  first  of  which,  reaching  a  high  development  in  itself,  led  to 
nothing  else,  and  the  second  of  which,  by  reason  of  its  vital  struc- 
tural merits,  grew  directly  into  the  great  Gothic  style,  which  was 
to  completely  fill  the  architectural  stage  until  the  coming  of  the 
Renaissance  in  Italy  in  the  year  1400. 

GOTHIC  ART 

In  the  eleventh  century  we  see  the  beginning  of  that  wonder- 
ful development  of  Gothic  art  which  originated  in  France  and  was 
an  outgrowth  and  refinement  of  Romanesque  methods. 

Gothic  architecture  is  remarkable  in  that  it  is  dually  a  struc- 
tural architecture  and  a  decorative  architecture,  with  both  of  those 
essential  aspects  existent  in  equal  proportions.  The  most  im- 
portant singles  thing  to  remember  in  considering  Gothic  architecture 
is  that  it  may  be  closely  likened  to  an  organic  growth.  Its  develop- 
ment was  as  natural  and  as  consistent  as  the  growth  of  a  tree,  rising 
up,  putting  forth  branches,  and  these,  in  turn,  putting  forth  leavers. 

Let  us  endeavor  to  summarize  the  evolution  of  the  (^lothic  church 
or  cathedral,  from  its  beginning  in  the  vaulting  achievements  of 
the  late  Romanes(|ue  !)uil(lers. 

The  typical  plan  took  the  form  of  a  great  cross,  with  thnn^  short 
arms  and  one  long  jiiin.     The  entrance  was  at  tlu^  vud  of  the  long 
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arm,  and  gave  access  directly  into  the  great  central  nave,  flanked  by 
side-aisles.  The  arms  of  the  cross  formed  the  transept,  and  a  great 
tower  rose  at  its  intersection  with  the  nave,  or  there  were  twin 
towers  rising  above  the  entrance  front.  The  remaining  arm  of  the 
cross  was  the  apse,  or  sanctuary.  There  were  other  types  of  plan, 
but  the  cross  was  the  most  usual. 

Architecturally,  the  plan  was  carried  out  with  an  intricate 
diversity  of  which  only  Gothic  architecture  could  be  capable.  The 
walls  of  the  nave,  above  the  lower  side-aisles,  were  carried  on 
columns  and  pointed  arches;  the  side-aisles,  also  arched  and  vaulted 
were  supported,  outside,  by  buttresses  to  take  the  lateral  thrust. 
Above  these,  on  the  exterior,  rose  flying  buttresses  to  take  the 
thrust  of  the  nave  arches,  and  everywhere  there  was  opportunity 
for  pinnacles,  turrets,  grotesques,  gargoyles,  niches  with  images  of 
saints,  and  all  the  profusion  of  Gothic  detail.  Within,  the  build- 
ing was  lofty  and  mysterious,  richly  and  dimly  lighted  by  tall, 
pointed  windows  fitted  with  stained  glass — perhaps  a  magnificent 
rose  window  at  the  rear  end  of  the  nave.  Everywhere,  too,  carved 
niches  and  holy  images,  intricate  carving,  dull  color  in  polychrome 
or  textiles. 

Gothic  architecture  is  often  nicknamed  "perpendicular  archi- 
tecture," which  is  reasonably  descriptive,  inasmuch  as  the  hori- 
zontal entablature,  with  its  frieze  and  cornice,  forms  no  part  of 
the  Gothic  idea,  wherein  all  members  mount  ever  upward,  climb- 
ing one  upon  the  other  in  one  magnificent  expression  of  altitude. 
Columns,  arches,  vaults,  windows,  pinnacles,  buttresses,  towers — 
all  point  upward — even  the  details  of  tracery  and  the  niches  for 
images  point  upward. 

It  is  this  sense  of  upward  motion,  reaching  often  to  the  heights 
of  the  sublime,  which  has  made  Gothic  architecture  essentially 
the  architecture  of  the  church,  rendering,  as  it  does,  a  remarkable 
expression  of  spiritual  nobility  in  architectural  terms. 

The  Gothic  architecture  of  the  important  Northern  countries 
can  be  sub-divided  into  three  distinct  styles — for  instance,  in 
England  we  have  the  style  known  as  **  Early  EngHsh"  or  13th 
Century  Gothic.  The  next  development  was  the  ''Decorated 
Gothic"  (Fourteenth  Century)  and  in  the  Fifteenth  Century  we 
have  the  style  known  as  ''Perpendicular,"  which  is  noted  for  a 
particular  development  of  vaulting  known  as  "fan  vaulting." 


AESTHETIC  AND  UTILITARIAN  VALUE  OF  LU"MIN AIRES  S33 

The  architectural  style  called  the  'Tudor"  is  to  be  applied  to 
buildings  under  the  reign  of  Henry  VII,  Henry  VHI,  Edward  VI 
and  Mary. 

It  was  a  transitional  period,  the  flat-pointed  arch  was  a  con- 
spicuous characteristic,  and  the  Gothic  forms  of  design  were  being 
gradually  superseded  by  innovations  of  Itahan  Renaissance. 

Following  the  Tudor  style  came  the  Elizabethan  and  Jacobean 
styles. 

In  France  we  see  the  same  influences  at  work  in  the  Gothic 
period,  at  the  beginning  of  Gothic  we  have  the  fully  developed 
Gothic  rib  vaulting  in  all  its  simplicity,  corresponding  to  the  Early 
English  styles,  the  best  example  being  Notre  Dame  at  Paris.  Then 
the  fully  developed  13th  Century  Gothic,  which  is  the  highest 
expression  of  Gothic  art  in  the  world,  having  for  its  examples  such 
great  cathedrals  as  Rheims,  Amiens  and  Chartres,  known  as  the 
Rayonnant  (wheel-Hke).  While  the  14th  and  15th  Centuries,  or 
late  Gothic,  deteriorated  into  an  art  of  redundant  detail,  yet  full 
of  vigor  and  full  of  expression,  called  the  Flamboyant  (flame  like) , 
corresponding  to  the  perpendicular  style  in  England.  So  we  can 
go  through  the  same  categories  of  style  in  other  countries  of  Ger- 
many, Belgium  and  Spain. 

RENAISSANCE  ART 

With  the  revival  of  the  study  of  classic  arts  and  letters  in  the 
Fifteenth  Century,  began  Renaissance  Art.  Developing  first  in 
Italy,  particularly  in  the  City  of  Florence,  it  spread  throughout 
the  peninsula  and  eventually  over  all  Europe  and  to  America. 

The  Influences  of  classic  study  showed  itself  in  the  outlines 
and  masses  of  the  grandest  churches,  civic  buildings,  and  in  the 
humble  details  of  the  simplest  home.  Borrowing  from  Greece  and 
Rome,  the  idea  of  the  lintel,  column  arch,  vault  and  dome,  it 
applied  these  featiu'es  sometimes  structurally,  but  too  often  dec- 
oratively,  and  in  its  later  developments  with  little  taste  and 
true  architectural  meaning. 

In  Italy  the  Renaissance  architects  used  column  and  arch,  or 
pilaster  and  arch,  extensively,  l)uilt  splendid  domes,  and  showed 
great  fancy  for  surface  decorations.  Construction  played  a  sub- 
sidiary part  to  design,  as  is  evidenced  by  such  frank  (expedients  as 
the  introduction  of  the  rods  between  the  supports  of  arches  and 
vaults,  to  take  the  thrust,  which  could  not  be  met  in  the  design. 
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There  was  a  general  use  of  the  Roman  entablature,  elaborate 
pediment  and  general  profusion  of  ornamental  detail.  The  so- 
called  ''Arabesque"  decorations  of  the  Renaissance  pilaster  is  one 
of  the  most  characteristic  single  details  of  the  style.  Another 
Renaissance  design  of  frequent  occurence  is  the  statuary  niche, 
with  the  upper  portion  in  the  form  of  a  shell. 

From  Italy  the  style  was  carried  to  France,  and  the  transi- 
tional style  evolved  was  known  as  the  style  of  "France  I"  or 
Francois  Primier."  The  office  building  located  at  the  S.  W. 
Corner  of  15th  and  Market  Street  is  a  very  good  modern  adapta- 
tion of  this  style.  To  other  countries  in  Europe  the  style  was 
carried — to  the  Netherlands,  Germany,  Spain  and  England,  de- 
veloping in  each  country  a  peculiar  style  of  its  own,  according  as 
the  national  character  found  its  expression.  For  instance,  in 
Spain  we  find  it  strangely  and  richly  blended  with  Moorish  in- 
fluence. 

In  England  the  Renaissance  found  its  highest  expression  in  the 
reign  of  Queen  EHzabeth,  so  that  the  term  ''EHzabethan,"  when 
applied  to  a  country  house,  is  synonymous  with  the  term  "English 
Renaissance."  The  more  important  buildings  of  this  period  in 
England  were  distinctly  formal  and  dignified,  with  little  of  the 
spontaneous  diversity  of  the  Italian  Renaissance.  Italian  forms, 
however,  constituted  the  basis  of  design,  and  deeply  influenced  all 
subsequent  English  architecture.  The  English  Renaissance  de- 
velopment of  greatest  interest  today,  by  reason  of  its  importance 
in  the  evolution  of  the  modern  country-house,  was  the  Elizabethan 
manor.  The  country  free. from  internal  wars,  the  government 
powerful  and  protective,  the  element  of  defence  became  increas- 
ingly less  in  evidence.  The  houses  became  more  livable,  more  com- 
fortable and  "modern"  in  character.  Increased  facilities  for  the 
manufacture  of  glass  brought  about  the  design  of  beautiful  leaded 
windows.  The  interiors  were  rich  in  carved  woodwork,  and  floor 
coverings  came  into  use.  The  Elizabethan,  or  English  Renaissance 
country-house,  was  an  important  step  in  the  development  of  the 
country-house  of  today. 

The  decadence  of  Renaissance  art  is  to  be  seen  in  the  Rococo 
or  Baroque  development  of  the  last  three  quarters  of  the  Seven- 
teenth Century.  Ornament  was  developed  to  an  extravagant  and 
tastelessly  disproportionate  degree — architectural  forms  were  dis- 
torted  and   preverted   in   a  thousand   fantastic   and   impossible 
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vagaries.  Structural  principles  were  ignored,  and  decoration  was 
the  main  feature,  not  the  embellishment  of  Baroque  buildings. 

It  has  been  the  habit  of  most  architectural  critics  to  sweepingly 
condemn  all  Baroque  architecture,  but  such  condemnation  is 
neither  inteUigent  nor  merited.  Granted  that  the  style  may  be 
proved  fundamentally  illogical  on  many  scores,  it  evolved  many 
forms  of  permanent  beauty  and  value,  and  was,  if  nothing  else,  an 
essentially  decorative  style,  later  developed  along  more  rational 
lines  in  some  phases  of  the  French  style  of  Louis  XV.  Despite  the 
usual  dismissal,  then,  of  the  Baroque  or  Rococo  style  as  a  mere 
architectural  curiosity,  entirely  decadent,  and  even  artistically  im- 
moral, it  will  be  found  more  valuable  to  place  it  as  a  distinct 
expression  of  a  peculiar  idea,  and  an  undeniably  interesting  page 
in  the  sequence  of  the  architectural  styles  of  the  past. 

In  the  latter  part  of  the  Eighteenth  Century,  a  reaction  from 
the  extravagance  of  Baroque  was  inevitable.  And  the  reaction 
took  the  form  of  the  Classic  Revival  in  France  and  in  England. 
Some  feeling  of  this  revival  manifested  itself  in  this  country  even 
as  late  as  the  first  two  decades  of  the  Nineteenth  Century.  And 
while  there  is  at  the  present  period  no  feeling  in  design  so  sweeping 
or  general  as  to  be  called  a  "Classic  Revival,"  Classic  derivations 
are  everywhere  apparent,  and  almost  invariably  in  such  monu- 
mental buildings  as  are  desired  to  express  qualities  of  dignity  and 
permanency,  such  as  capitols,  post  offices,  libraries,  museums, 
banks,  and  the  larger  railroad  stations. 

THE  CLASSIC  REVIVAL  IN  FRANCE 

Observation  of  the  Classic  Revival  is  best  begun  in  France  with 
a  momentary  survey  of  the  progress  of  architecture  immediately 
preceding  the  period  of  XIV. 

The  reign  of  Louis  XIV  came  to  a  close  in  17 14  and  the  archi- 
tecture of  the  period,  as  well  as  that  of  the  preceding  pcM'iod,  was 
pomi)ous,  elal)orate,  gran(lios(\  l^uildings  of  the  time  show  a  con- 
flict between  Renaissance^  order  in  d(\sign  and  Hanxiuc*  extrava- 
gance, and  all  carried  out  in  what  was  called  (most  appropriately) 
"The  Grand  Manner." 

The  succeeding  period,  that  of  Louis  XV,  is  oftiMi  calhMl  the 
"Rococo"  period,  because  the  "rock-and-slK^ll"  style  n^ached  its 
height   mI    this  time.     "Lo\iis  (Juiiize  work  is  practically  synony- 
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mous  with  Rococo,  the  fanciful  rock-and-shell  curves  that,  like 
some  fungous  growth,  invaded  all  branches  of  decorative  art  with 
amazing  recklessness  and  rapidity."  The  characteristics  of  the 
period  were  distinct  in  their  nature,  though  elaborate  and  various 
in  form.  Curved  lines  and  intricate  foUation  appeared  in  all  de- 
signs, and  lack  of  symmetry  was  considered  a  desirable  achieve- 
ment. Importation  of  many  works  of  art  from  China  at  this  time 
added  Oriental  fantasies  to  the  already  fantastic  Baroque-Rococo 
style,  which  grew  increasingly  extravagant  throughout  the  reign  of 
Louis  XV.  Much  decorative  work  of  the  period  is  by  no  means 
without  merit,  but  the  style  was  too  frivolous  to  effect  any  per- 
manently great  architectural  expression. 

Despite  the  intense  interest  in  the  Rococo  style,  its  very  extra- 
vagance finally  became  so  wearisome  and  distracting  that  the  re- 
action of  the  Classic  Revival  set  in  with  the  reign  of  Louis  XVI 
(i 774-1 793),  and  Classic  forms  became  increasingly  popular  until 
the  close  of  the  ^'Empire"  period,  in  1814. 

THE  CLASSIC  REVIVAL  IN  ENGLAND 

The  Classic  Revival  in  England  commenced  with  the  Georgian 
period  (17 14-1820)  immediately  following  the  Dutch  influences  of 
the  reign  of  Queen  Anne,  and  lasted,  though  waning  somewhat  in 
its  Classicism  toward  the  end,  until  the  beginning  of  the  Victorian 
era  in  1837. 

The  Eighteenth  Century  Classic  Revival  in  England  reached 
its  height  during  the  reigns  of  the  Georges,  notably  in  the  works  of 
the  Brothers  Adam  (1760-1820),  in  the  reign  of  George  III.  The 
Adams,  however,  were  not  the  first  architects  to  design  in  the 
''Classic  Taste." 

Following  Sir  Christopher  Wren  and  Inigo  Jones,  the  great 
English  Renaissance  architects  of  the  Jacobean  period,  William 
Kent,  who  died  in  1748,  produced  works  which  were  more  in  the 
nature  of  a  ''Classic  Revival"  than  of  the  style  of  the  Renaissance. 

GEORGIAN  COLONIAL  IN  AMERICA 

With  such  widespread  enthusiasm  for  Classic  ideas  in  archi- 
tecture in  England,  it  is  not  at  all  surprising  that  this  should  have 
crossed  the  ocean  to  the  American  colonies,  creating  and  moulding 
the  style  which  should  accurately  be  called  ''Georgian  Colonial." 
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The  "American  Classic  Revival"  was  a  distinctly  different  develop- 
ment, coming,  as  it  did,  largely  from  France,  and  at  a  considerably 
later  date  than  the  Georgian  Classic  influences. 

The  Georgian  Colonial  types  of  American  architecture  took 
different  forms  in  the  North  and  the  South,  especially  in  the  treat- 
ment of  dwellings.  In  the  North  there  is  noticeable  a  great 
Georgian  Classicism  of  detail,  rather  than  of  general  form.  New 
England  doorways,  windows  and  interior  woodwork  followed 
Classic  formulae,  rendering  Palladian  windows  and  Greek  orders 
with  an  honest  carpenter's  technique.  Independence  Hall  is  one 
of  the  best  examples  of  this  type. 

THE  CLASSIC  REVIVAL  IN  AMERICA 

The  American  Classic  Revival,  as  distinct  from  the  Georgian 
Classic  inspiration,  came  about  largely  through  the  development 
of  friendly  relations  with  France  and  the  distaste  for  things  English 
during  the  War  of  1812.  So  closely  allied,  indeed,  is  this  American 
Classic  Revival  to  the  contemporary  style  of  France,  that  it  has 
often  been  called  "American  Empire."  The  popularity  of  the 
Ultra-Classic  left  a  number  of  interesting  monuments  in  this  country, 
of  which,  perhaps,  the  purest  example  is  to  be  found  in  the  old 
Stock  Exchange  Building,  Dock  and  Walnut  Streets,  the  Custom 
House,  and  grandest  of  all,  the  main  building  of  Girard  College. 

Having  thus  reviewed  the  leading  Historic  styles,  we  will  con- 
sider the  aesthetic  value  of  lighting  fixtures  to  buildings  of  some  of 
the  great  styles,  noting  the  manner  in  which  the  fixture  manu- 
facturer has  conformed  the  style  of  the  fixtures  to  the  architecture 
of  the  building. 

The  utilitarian  aspect  of  fixtures,  of  course,  is  based  entirely  on 
the  study  of  efficiency  in  illumination.  Much  effort  has  been  put 
forth  to  obtain  satisfactory  results  with  the  least  expenditure  of 
energy,  and  we  arc  at  once  confronted  with  the  claims  of  this  or 
that  special  device  or  type  of  fixture  as  being  superior  to  any  other 
make. 

The  recent  tendency  of  incandescent  him{)  manufacture  has 
been  toward  high  concentration  of  filament  in  quest  of  economy  in 
current  conHumptioii.  We  may  consider  that  the  development  has 
occurnMl  in  two  stages.  The  first  stage  of  lamps  as  represented  by 
the  carbon  filament  in  vacuum  bulbs  are  now  considered  extremely 
wasteful  in  the  cnrrcnt  tlH\y  (*{)nsinn(\  yet  they  wen*  in  th(*  early 
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days  a  scientific  marvel  and  object  of  interest  to  the  extent  that 
they  were  hung  about  on  stringers  or  mounted  bare  on  chandeHers 
just  as  so  many  open  flame  gas  jets.  This  might  be  called  the  age 
of  bare  lamps,  and  the  glow  from  these  carbon  lamps  was  so  mellow 
as  to  cause  no  discomfort  to  the  eyes  of  the  observers.  Then  came 
the  second  stage  of  lamps,  which  consisted  of  the  tungsten  metal 
filament  in  a  vacuum  bulb,  and  the  intrinsic  brightness  as  well 
as  the  economy  in  current  consumption  of  the  lamp  unit  was 
greatly  increased.  With  this  improvement  various  types  of 
shades  appeared  for  either  protecting  the  eyes  from  the  direct 
rays  of  the  lamp  or  concentrating  it  for  particular  uses,  so  that  now 
some  type  of  reflector  is  essential  for  proper  light  diffusion.  With 
the  advent  of  the  nitrogen  gas  filled  bulb  with  its  high  candle 
power  and  economical  current  consumption,  the  problem  of  dif- 
fusion was  solved  by  the  invention  of  reflectors,  so  shaped  that 
the  concentrated  rays  of  the  lamp  are  split  up  and  scattered,  thus 
producing  a  soft  light. 

Without  attempting  to  discuss  the  merits  of  any  particular 
type  of  lighting  unit,  a  consideration  of  the  more  popular  and  meri- 
torious ones  will  be  in  order.  The  illustrations  I  am  about  to 
show  you  have  been  obtained  in  most  instances  through  the 
courtesy  of  the  various  fixture  manufacturers,  and  without  their 
co-operation  I  should  have  been  unable  to  make  the  presentation 
of  the  subject  as  thorough  as  it  is. 

The  simplest  method  of  obtaining  high  efficiency  in  direct 
lighting  is  with  the  single  unit  of  sufficient  intensity  and  proper 
diffusing  reflector,  to  give  as  near  uniform  conditions  of  lighting  as 
is  possible  with  artificial  illumination. 

I  show  on  the  screen  views  of  interiors  of  buildings  in  which 
the  various  types,  all  known  to  you,  are  used.  The  installations 
are  supposed  to  represent  what  is  good  practice  with  each  type, 
so  that  it  is  possible  to  judge  of  the  architectural  value  of  the 
fixtures  as  well  as  the  utilitarian. 

The  Americolite  Company's  single  unit  is  a  very  artistic  lumi- 
naire,  asare  also  those  of  the  Brascolite,  in  their  various  treatments 
as  to  styles  to  harmonize  with  the  architecture  of  the  building,  as 
the  illustration  of  the  lobby  of  the  Hotel  Marion,  Little  Rock, 
Arkansas,  shows.     See  figure  4. 


Fig.  4 — Luiiiinaires  in  Lobby,  Hotel  Marion,  Little  Rock,  Ark. 
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Fig.  6 — Detail  of  Luminaire  in  Church  of  Gesu. 
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The  Celestalite  unit  also  can  be  obtained  in  simple  designs  or 
more  ornamental  ones,  to  conform  to  the  architecture  of  the 
building,  as  shown  by  the  illustrations. 

In  considering  lighting  installations  in  churches,  two  distinct 
methods  of  lighting  are  at  hand — indirect  or  semi-indirect.  The 
installations  of  indirect  lighting  in  the  Eberhart  Memorial  Church, 
Mishawaka,  Indiana,  is  a  notable  example  of  an  indirect  system 
in  which  the  architectural  style  has  been  carried  out  in  the  fixture, 
the  style  being  Gothic,  National  X-Ray  Reflectors  being  used. 

The  Cathedral  of  St.  Helena,  Helena,  Montana,  is  a  very  good 
example  of  indirect  lighting,  supplemented  with  direct  light  from 
concealed  X-Ray  reflectors  inserted  in  the  crown  of  the  vaulting. 

The  use  of  standards  with  X-Ray  reflectors  for  lighting  show 
rooms,  stores,  hotel  lobbies,  etc.,  is  well  exemplified  in  the  light- 
ing scheme  of  the  Commodore  Hotel,  New  York. 

The  second  method  of  lighting  churches,  that  is,  by  the  semi- 
indirect  method,  is  well  exemplified  in  the  installation  recently 
completed  at  the  Roman  Catholic  Church  of  Gesu,  Philadelphia. 
The  Church  is  one  of  the  largest  in  the  country,  having  a  nave  vault 
100  feet  high  and  78  feet  clear  span,  and  a  length  of  147  feet.  The 
original  lighting  consisted  of  side  wall  gas  brackets  and  electric 
standard  on  the  pew  divisions,  a  very  unsatisfactory  scheme.  This 
has  all  been  superseded  by  ten  large  luminaires,  hung  from  the 
vaulting,  the  bottom  of  which  are  30  feet  from  the  floor.  The 
chandeliers  are  arranged  in  two  rows,  46  feet  apart,  with  the 
fixtures  spaced  22  feet  from  each  other  on  each  side.  Each  fixture 
has  1400  watts,  arranged  with  one  large  central  unit  of  500  watts 
and  twelve  small  ones  of  75  watts  each.  The  average  foot-candle 
illumination  is  about  iK  foot-candles,  and  is  very  evenly  distrib- 
uted, the  maximum  being  1^  foot-candles.  The  building  is 
more  than  amply  illuminated  at  this  intensity,  there  being  no 
doubt  that  with  a  lower  foot-candle  intensity  the  illumination 
would  l)c  satisfactory.  ]^"ach  fixture  is  controlkMl  with  two  separate 
circuits  so  that  it  is  possible  to  distribute^  the  lighting  at  will,  ac- 
cording to  the  needs.     See  figures  5  and  6. 
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THE   PRESENT    STATUS    OF   VISUAL    SCIENCE* 


BY  L.  T.  TROLAND** 


The  Monograph,  ''The  Present  Status  of  Visual  Science," 
recently  published  as  a  Bulletin  of  the  National  Research  Council, 
is  officially  the  product  of  the  Monograph  Sub-Committee  of  the 
Committee  on  Physiological  Optics  of  the  Council,  although  the 
present  writer  must  acknowledge  responsibility  for  its  contents  and 
form. 

A  word  may  first  be  said  concerning  the  Committee  on  Physio- 
logical Optics.  This  committee  was  the  outcome  of  an  original 
conference  held  between  Dr.  Augustus  Trowbridge,  then  chairman 
of  the  Division  of  Physical  Sciences  of  the  Research  Council,  and 
Professor  F.  K.  Richtmyer  in  Chicago  early  in  192 1.  Suggestions 
there  developed  recognizing  the  need  of  a  survey  and  coordination 
of  work  in  the  field  of  physiological  optics,  took  concrete  form 
in  a  meeting  of  a  group  of  men  interested  in  the  subject  in  New 
York  shortly  afterwards.  This  meeting  resulted  in  the  formation  of 
a  formally  authorized  committee  consisting  of  Mr.  Adelbert  Ames, 
Professor  W.  T.  Bovie,  Dr.  P.  W.  Cobb,  Mr.  L.  A.  Jones,  Dr. 
W.  B.  Lancaster,  Dr.  P.  G.  Nutting,  Mr.  1.  G.  Priest,  Professor 
J.  P.  C.  Southall,  Dr.  L.  T.  Troland  and  Professor  F.  K.  Richtmyer, 
chairman.  The  committee  held  numerous  meetings  during  192 1 
and  1922  and  discussed  problems  relating  to  the  progress  of  visual 
science.  Valuable  conferences  were  held  between  the  committee 
and  other  groups  of  scientists  interested  in  optics,  physiology  or 
allied  subjects,  one  of  the  meetings  being  at  Woods  Hole  and  another 
at  the  Harvard  Medical  School.  One  of  the  most  important  prac- 
tical results  of  the  work  of  the  committee  consisted  in  the  forma- 
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tion  of  a  section  of  the  Optical  Society  of  America  relating  to 
physiological  optics  and  guaranteeing  the  inclusion  in  the  annual 
program  of  this  Society  of  a  considerable  number  of  papers  dealing 
with  this  subject.  Another  very  important  enterprise  which  is  at 
present  under  way  under  the  editorship  of  Professor  J.  P.  C.  South- 
all  is  the  translation  into  English  of  Helmholtz's  great  Handbook  of 
Physiological  Optics;  an  enterprise  which  is  officially  sponsored  by 
the  Optical  Society,  but  the  initiation  of  which  may  be  attributed 
to  the  Research  Council  Committee.  A  third  undertaking  was 
the  preparation  of  the  Monograph  to  which  the  present  note  re- 
fers. 

The  purpose  of  this  Monograph  was  to  outline  briefly  the 
general  field  of  research  denoted  or  connoted  by  the  term  ''physio- 
logical optics,"  to  evaluate  the  present  state  of  knowledge  in  this 
field,  and,  if  possible,  to  suggest  the  most  profitable  lines  for  future 
research.  In  spite  of  the  relatively  small  scope  of  the  subject  in 
comparison  to  the  whole  body  of  science  this  project  was  so 
ambitious  a  one  that  it  could  scarcely  be  carried  through  with  any 
hope  of  perfection  of  execution.  However,  an  attempt  was  made 
to  sketch  the  situation  in  a  way  which  may  prove  helpful  to  those 
interested  in  the  subject. 

It  is  a  striking  feature  of  visual  science  that  it  involves  in  an 
almost  equally  balanced  degree  the  three  separate  sciences  of 
physics,  physiology  and  psychology,  so  that  workers  upon  visual 
problems  are  nearly  always  hindered  by  lack  of  acquaintance  with 
one  or  more  of  these  general  subjects.  The  Monograph  in  its 
published  form  attempts  to  combine  the  various  factors  derived 
from  physical,  physiological  and  psychological  studios  into  a 
coherent  system  and  to  show  how  researchs  undcM'takon  from 
seemingly  discrepant  points  of  view  may  fit  together  harmoniously. 
No  attempt  is  made  to  summarize  established  facts  in  detail,  al- 
thoiigli  in  cjicli  department  of  the  subject  the  discussion  is  made 
sufficiently  concrete  to  render  the  argument  substantial.  The 
priiirij)al  purpose  of  the  brief  sununaries  of  extant  results  is  to 
reveal  the  vacant  spaces  which  exist  between  them  and  thus  to 
indicate  needed  lines  of  research. 

The  Monograph  is  divided  into  iivv  chapters.  The  first  chap- 
ter deals  with  the  jjosition  of  visual  optics  among  th(^  scienec^s.  in- 
cluding a  brief  historical  sketch  to  (\stal)lish  tlu^  necessary  ptM- 
spective,  this  sketch  being  follow(Ml  by  a  study  of  C(Ttain  g(Mi(Mal 


542  TRANSACTIONS  I.  E.  S.,  JULY,   1 923 

characteristics  of  present  visual  knowledge,  including  its  peculiar 
weaknesses.  The  second  chapter  deals  with  the  fundamental  con- 
ceptions and  methods  of  visual  science.  An  attempt  is  here  made 
to  specify  the  ultimate  factors  in  the  problem  of  vision,  including 
an  analysis  of  the  general  physiological  system  which  is  involved, 
its  relation  to  the  stimulus  and  to  consciousness.  The  principal 
methods,  psychological,  physiological  and  physical,  which  are 
available  to  the  visual  investigator  are  next  considered,  and  the 
final  section  of  the  chapter  deals  with  the  utility  and  requirements 
of  theories  in  visual  research. 

The  last  three  chapters  of  the  Monograph  are  concerned  with 
concrete  problems  in  the  science.  Chapter  III  considers  problems 
in  the  analysis  of  visual  experience,  or  the  purely  psychological 
aspects  of  the  subject.  In  this  chapter  a  discussion  is  offered  of 
the  system  of  colors,  regarded  as  psychological  qualities,  together 
with  color  nomenclature.  The  general  properties  of  the  visual  field 
and  of  visual  space  are  also  outlined,  important  lines  of  research 
being  suggested  in  connection  with  both  of  these  general  topics. 
The  fourth  chapter  deals  with  the  physiological  and  other  physical 
factors  in  vision  reviewed  entirely  apart  from  their  psychological 
or  conscious  concomitants.  This  chapter  contains  six  sections 
dealing  in  order  with  visual  objects  and  stimuli,  the  dioptric  and 
allied  processes  of  the  eye,  the  retinal  stimulation,  the  afferent 
nerve  excitation  and  conduction,  the  central  processes  in  vision, 
and  oculomotor  mechanisms.  Under  each  of  these  topics  there  is 
a  sketch  of  existing  knowledge  combined  with  suggestions  for 
further  research. 

The  fifth  and  last  chapter  deals  with  the  salient  problems  of 
visual  psychophysiology,  which  concern  relations  between  the 
psychological  and  the  physiological  factors  discussed  in  the  two 
preceding  chapters  respectively.  The  psychophj^siological  problems 
are  divided  as  follows:  brilliance  vision,  chromatic  vision,  form 
vision,  motion  vision,  visual  relations  essentially  involving  time, 
visual  relations  essentially  involving  pattern  or  position,  and  the 
explanation  of  visual  psychophysical  correlations.  In  this  chapter, 
as  in  previous  ones,  facts  are  outlined  mainly  for  the  purpose  of 
suggesting  the  gaps  which  exist  between  them.  The  writer  makes 
no  pretense  to  complete  comprehensiveness  or  accuracy  in  the  pre- 
sentation of  facts  or  problems,  although  he  has  attempted  to  cover 
the  field  in  as  adequate  a  way  as  is  possible  within  the  scope  of  120 
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pages.  The  references  to  literature  number  268,  but  literature 
subsequent  to  the  year  1920  is  not  considered.  The  discussion  is 
limited  primarily  to  human  vision. 

It  is  hoped  that  the  above  comment  may  serve  to  bring  the 
Monograph  to  the  attention  of  members  of  the  Illuminating  Engi- 
neering Society  and  others  who  are  interested  in  the  progress  of 
knowledge  concerning  vision. 

GLARE  AND  ITS  RELATION  TO  EYE  SIGHT 
CONSERVATION* 


BY  F.  C.  CALDWELL** 


I  am  very  pleased  to  come  into  this  movement  for  eye-sight 
conservation,  and  I  hope  to  bring  to  the  work  some  advantage  be- 
cause of  my  connection  with  illuminating  engineering. 

When  our  Director  asked  me  to  speak,  it  seemed  that  it  might 
be  best  to  pick  out  one  phase  of  the  relation  of  illumination  to  eye- 
sight conservation  and  to  dwell  on  that  in  the  hope  that  those  of 
you  who  have  not  given  much  thought  to  this  relation  may  have 
firmly  fixed  a  few  definite  ideas. 

That  good  illumination  is  one  of  the  most  important  factors  in 
the  conservation  of  eyesight  is  a  truism  as  old  as  the  hills.  I  doubt 
not  that  among  the  earliest  recollection  of  all  of  us  are  admonitions 
against  reading  in  insufficient  light  and  instructions  concerning 
the  direction  from  which  the  illumination  should  come.  Indeed 
such  achnonitions  and  instructions  indicate  two  of  the  throe  most 
important  defects  found  in  lighting — that  is  inadequate  ilhnnina- 
tion  and  improper  distribution.  We  were  also  told  in  our  earliest 
years  not  to  look  at  the  sun,  and  without  reflections  upon  the  sun 
as  an  illuminant,  there  was  indicated  the  third  and  perhaps  the 
most  serious  of  the  defects  of  bad  lighting — glare. 

It  is  because  glare  is  not  only  the  most  common  and  serious 
defect  in  lighting  at  the  present  day,  but  also  because  it  is  the  least 
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understood,  that  it  has  been  chosen  as  the  subject  of  the  paper 
which  I  am  to  have  the  pleasure  of  giving  this  evening. 

Before  examining  in  detail  the  problem  of  glare  it  will  be  well 
to  remind  ourselves  of  some  of  the  facts  concerning  the  develop- 
ment of  illumination.  Lighting  is  one  of  the  oldest  of  the  human 
arts,  but  until  recently  one  of  the  slowest  to  develop.  So  far  as 
their  characteristics  as  light-sources  were  concerned,  there  was 
very  little  difference  between  the  candles  or  whale-oil  lamps  of 
our  grandmothers  and  the  selected  fagots  of  the  cave  dwellers  of 
fifty-thousand  years  ago.  Even  the  gas  and  kerosene  oil  flames  of 
the  end  of  the  last  century,  even  carbon  incandescent  lamps  were 
only  a  little  larger  and  a  little  brighter.  But  the  curve  of  develop- 
ment which  for  so  many  milleniums  had  run  along  almost  hori- 
zontal, was  commencing  to  trend  upward  and  since  the  beginning 
of  the  present  century  with  the  development  of  the  tungsten  fila- 
ment and  the  gas-filled  lamp,  it  has  risen  even  more  sharply.  One 
can  safely  say  that  in  the  past  half  century  there  has  been 
more  development  in  lighting  than  in  all  the  ages  before  since  man 
first  picked  a  brand  from  the  fire  to  light  his  way. 

These  facts  of  history  are  brought  out  to  emphasize  the  magni- 
tude of  the  task  which  lies  before  us  in  becoming  accustomed  in 
so  short  a  time  to  these  enormous  changes  in  the  condition  of  light- 
ing. The  three  most  striking  differences  in  light  sources  that  have 
come  to  pass  are — greatly  increased  light-flux  or  candlepower, 
greatly  increased  brightness  and  greatly  reduced  cost,  thus 
making  possible  very  widely  extended  use  of  artificial  light, 
and  at  the  same  time  vastly  magnifying  the  problems  involved  in 
its  application.  This  extension  of  artifical  illumination  has  brought 
with  it  a  burden  for  the  eye,  which  all  too  quickly  it  must  learn  to 
bear. 

This  is  a  point  which  should  be  particularly  emphasized,  the 
human  eye  has  gone  along  through  countless  years,  with  little 
change  in  what  was  demanded  from  it.  It  worked  through  the 
daytime,  for  the  most  part  looking  at  rather  large  objects,  and 
when  it  became  dark,  it  generally  ceased  to  function.  Now, 
within  just  a  few  years  this  has  all  changed.  The  use  of  the  eye 
for  fine  work,  for  reading  and  for  fine  manufacturing  operations, 
has  been  very  greatly  increased  and  then  in  addition,  we  are 
demanding  that  it  do  much  of  its  work  under  artificial  light 
which,  furthermore,  in  many  cases  is  far  from  good. 
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The  change  of  Hghting  facihties  has  been  so  sudden,  that  men, 
trying  to  use  the  new  illuminants  in  the  same  way  that  they  have 
used  the  old  thru  countless  generations,  are  likely  to  produce  bad 
results.  Of  old,  the  problem  of  lighting  was  little  more  than  the 
problem  of  getting  the  work  near  enough  to  the  puny  flame  so  that 
it  could  be  seen,  and  few  and  far  between  were  those  who  did  work 
which  needed  even  so  much  Hght.  It  is  not  strange,  therefore, 
that  many  make  sorry  work  of  it  when  they  set  out  unaided  and 
without  study  to  provide  themselves  with  the  new  light. 

The  importance  of  glare  has  been  recognized  by  regulations 
against  it  in  the  industrial  and  school  lighting  codes,  drawn  up  by 
the  Illuminating  Engineering  Society  and  followed  more  or  less 
closely  in  the  laws  of  several  states. 

Glare  is  not  an  easy  phenomenon  to  define.  It  will  perhaps 
be  best  to  study  first  its  different  forms  and  characteristics  and 
then  to  sum  up  our  observations  in  a  definition.  The  magic  num- 
ber ''three"  runs  thru  this  subject  in  a  rather  remarkable  way. 
We  have  already  observed  three  changes  in  light  sources  and  three 
defects  in  lighting.  Now  we  may  note  three  elements  in  the  pro- 
duction of  glare.  These  are  excessive  brightness,  excessive  volume 
of  light  flux  and  excessive  contrast. 

Though  excessive  brightness  is  probably  the  commonest  and 
most  generally  recognized  source  of  glare,  the  other  two  are  also 
deserving  of  careful  stud3^  The  seriousness  of  glare  from  too 
great  brightness  has  enormously  increased  during  recent  3'ears  on 
account  of  the  introduction  of  the  tungsten  filament  lamps, 
especially  the  gas-filled  type  with  spiral  filament.  Even  the  earlier 
lamps  were  too  bright  to  make  their  use  without  screening  devices 
desirable,  but  the  consequences  of  operating  the  present  types  in 
this  way  are  quite  intolerable  except  where  the  lamps  are  hung 
very  high.  Even  where  globes  or  deep  reflectors,  which  hide  the 
lamps,  are  used,  consideration  must  be  given  to  the  quality  of 
the  glass.  If  it  is  of  too  low  a  density,  the  i)rightness  may  still  hv 
too  great  for  safety  and  comfort  to  \\\v  eyes.  On  the  other  hand 
many  kinds  of  glass  which  are  dense  enough  to  cut  down  the  bright- 
ness adfHjiiately,  absorb  too  nnich  of  th(^  light.  Th(*  best  makes  of 
ghiss  av.'iilul)l('  when  used  in  large  enough  globes,  pass  about  (Mghty 
percent  of  the  light  while  still  suflicieutly  reducing  tiie  briglitness. 
Willi  the  right  kind  of  glass  the  brightness  (h^Tcases  as  th(^  size 
of  the  globe  increases.     Thus  a   100-watt  l;Mn[)  in  a    14-ineh  globe 
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would  give  so  low  a  brightness  as  to  be  satisfactory  for  smy  location, 
while  the  same  lamp  in  a  6-inch  globe  would  give  a  brightness  about 
equal  to  that  of  the  clear  sky  and  would  be  at  about  the  limit  even 
when  placed  well  up  in  the  room  where  it  would  not  constantly 
come  into  the  field  of  vision  of  the  occupants.  With  some  types 
of  diffusing  glass,  the  brightness  is  not  uniform,  but  is  greatly  in- 
creased at  a  spot  in  line  with  the  filament.  In  such  cases  the  above 
reasoning  does  not  hold  and  the  maximum  brightness  must  be 
reckoned  with. 

The  second  source  of  glare,  that  is  excessive  volume  of  light 
flux,  is  likely  to  occur  wherever  powerful  light  sources,  even  of 
comparatively  low  brightness  are  in  the  field  of  vision  and  close 
to  the  observer.  The  influence  of  amount  of  flux  on  glare  is  also 
shown  in  the  fact  that  a  large  light  of  a  given  brightness  will  be 
more  glaring  than  a  small  one  of  the  same  brightness.  On  one 
occasion  the  writer  experienced  a  quite  uncomfortable  case  of  this 
type  of  glare  when  at  a  birthday  party,  the  hostess  seated  the 
guests  at  small  tables  with  a  birthday  cake  carrying  a  number  of 
candles  in  the  center  of  each  table.  While  the  brightness  was  low 
and  the  total  light  flux  was  not  large,  the  fact  that  its  source  was 
so  near,  resulted  in  a  relatively  large  entrance  of  flux  into  the  eyes. 
The  familiar  cases  of  glare  from  a  window,  opening  to  the  sky  and 
of  reflection  from  snow  and  water  also  involve  the  element  of 
large  light  flux. 

Glare  of  the  third  type — that  due  to  excessive  contrast,  is  well 
illustrated  by  the  difference  between  the  glare  from  an  automobile 
headlight  in  the  daytime  aniid  bright  surroundings,  giving  little 
contrast  and  the  same  light  at  night,  when  surrounded  by  black 
darkness,  with  a  maximum  of  contrast.  A  window  which,  placed 
in  a  white  wall,  might  cause  no  discomfort,  might  become  trying 
if  the  wall  were  painted  a  dark  color.  Again  a  luminaire  so  de- 
signed as  to  light  up  the  ceiling  around  it  may  not  appear  glaring, 
while  another  of  the  same  brightness  which  leaves  the  ceiling  dark 
may  be  trying  to  the  eyes. 

In  this  discussion  the  three  sources  of  glare  have  been  con- 
sidered separately,  and  it  is  indeed  possible  to  produce  glaring 
conditions  where  only  one  of  the  above  causes  is  present  in  a  notable 
degree.  On  the  other  hand  it  is  very  common  to  find  two  of  these 
causes  present  or  even  all  three  in  a  single  instance  of  glare. 
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Having  given  a  source  of  glare,  due  to  either  of  the  above 
causes,  there  are  three  conditions  not  associated  either  with  the 
Hght  source  itself  nor  the  condition  of  the  eyes  which  determine 
its  seriousness  to  an  observer.  These  are  first  the  angle  which  the 
source  of  glare  makes  with  the  line  of  vision  of  the  observer.  Thus 
if  light  is  nearly  overhead  no  glare  will  be  experienced,  no  matter 
how  bright  or  how  large  it  may  be ;  then  as  the  angle  decreases  the 
unpleasant  sensation  increases  till,  when  the  eye  is  directed  to- 
ward the  source  of  glare  the  effect  will  be  at  its  maximum.  It  is 
also  true  that  for  a  given  angle  the  glare  is  greatest  if  the  light  is 
below  the  eye  and  least  when  it  is  above.  For  the  latter  case  the 
effect  of  the  glare  is  not  generally  serious  except  for  large  and 
bright  light  sources,  when  the  angle  between  the  light  and  the  line 
of  vision  is  greater  than  30  degrees.  The  line  of  vision  is  generally 
taken  as  horizontal,  for  while  it  may  be  directed  downward  for 
work,  it  generally  reaches  the  horizontal  frequently  for  rest  or 
for  distant  vision. 

The  second  condition  determining  the  seriousness  of  glare  is 
the  distance  away  of  the  light-source.  It  is  quite  obvious  that  at 
a  sufficient  distance,  any  source  of  glare  would  cease  to  be  trying. 
The  effect  of  the  third  condition  is  equally  obvious,  namely,  the 
period  during  which  the  eye  is  exposed  to  the  glare.  Thus  any 
case  where  the  exposure  is  continuous  is  much  more  troublesome 
than  one  where  it  is  intermittent,  with  short  periods  of  exposure. 

Evidently  the  seriousness  of  any  case  of  glare  will  be  largely 
determined  by  the  condition  of  the  eye  as  to  pupillary  area  and 
other  circumstances  affecting  its  sensitiveness.  The  glare  upon 
coming  into  a  brightly  lighted  room  from  the  dark  is  a  familiar 
experience. 

When  we  consider  the  effects  produced  by  glare  we  find 
another  of  our  series  of  trinities.  These  effects  are  temporary 
impairment  of  vision  or  })hnding,  discomfort,  and  eye  fatigue, 
often  leading  to  injury.  Impairment  of  vision  comes  both  from 
the  reduction  of  the  pupillary  area  and  from  the  direct  effect  of 
the  light  entering  the  eye.  It  is  often  more  serious  than  is  ordi- 
narily realized.  The  discomfort,  which  protects  the  eye  by  com- 
pelling it  to  turn  away  from  the  sun  or  otluM*  excessively  bright 
lights  is  an  important  natural  safety  nn^nsunv  It  is  however 
generally  the  light   of  le.-;^er  ilux  or  brightness  which  is  not   so 
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readily  recognized  as  a  source  of  glare,  that  is  most  likely  to  cause 
fatigue  and  injury  to  the  eyes. 

To  complete  this  discussion  of  glare,  mention  should  be  made 
of  a  special  though  common  and  important  case,  namely,  glare 
due  to  reflection  from  polished  surfaces.  As  such  reflections 
generally  come  from  below,  their  effect  is  magnified  by  the  greater 
sensitiveness  of  the  eye  to  light  from  this  direction.  Common 
cases  of  this  are  reflection  from  bright  materials  upon  which  work 
is  being  done,  glass  or  polished  wood  table  tops  and  glossy  paper. 
In  the  latter  case  an  effect  is  produced  which  is  known  as  veiling 
glare.  The  bright  light  reflected  from  the  surface  of  the  paper 
to  the  eye  largely  masks  that  coming  from  the  type  and  greatly 
increases  the  eye  strain  involved  in  reading.  Much  effort  has  been 
made  in  recent  years  to  encourage  the  use  of  paper  with  a  mat 
surface,  especially  in  school-books,  so  as  to  reduce  this  trouble- 
some phenomenon. 

It  will  now  be  in  order  to  attempt  a  definition  of  glare.  Per- 
haps as  good  a  one  as  any  is  that  ''glare  is  any  condition  of  light 
entering  the  eye  which  produces  blinding,  discomfort  or  injury.'* 
Glare  has  also  been  tersely  defined  as  ''light  out  of  place." 

From  what  has  been  said  it  will  be  readily  understood  that 
glare,  unlike  intensity  of  illumination,  is  not  easy  to  measure,  nor 
can  very  satisfactory  specifications  be  drawn  up  as  to  permissible 
limits.  A  fairly  successful  approximation  to  such  specifications 
has,  however,  been  made  in  recent  editions  of  the  industrial 
lighting  codes  mentioned  above.  Here  cases  of  potential  glare  have 
been  classified  according  to  harshness  into  ten  grades.  These 
grades  depend  upon  combined  candlepower  and  brightness  and 
upon  the  type  of  luminaire  or  light  source.  Then  tables  are  given 
showing  the  grade  of  potential  glare  permissible  in  different  kinds 
of  lighting  and  in  different  positions  relative  to  the  eyes  of  the 
workers. 

To  sum  up  the  discussion  of  glare  then,  we  have  the  following 
group  of  trinities: — 

Three  defects  of  lighting — inadequacy,  bad  distribution  and  glare. 

Three  elements  in  the  production  of  glare — excess  of  bright- 
ness, excess  of  light  flux  or  excessive  contrast. 

Three  conditions  determining  the  seriousness  of  glare — angle 
above  the  horizontal,  distance  away  and  period  of  exposure. 

Three  effects  of  glare — blinding,  discomfort  and  fatigue  or  injury. 
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SECTION  ACTIVITIES 


NEW  ENGLAND  Meeting— May  11,  1923 

At  the  May  meeting  of  the  New  England  Section  which  was  held  on  the 
evening  of  May  1 1  at  the  Industrial  Lighting  Exhibit  in  the  Rogers  BuHding, 
Mr.  Guy  Lowell  presented  a  paper,  "Illumination  from  the  Architect's  Point 
of  View." 

For  some  time  it  has  been  apparent  that  some  method  should  be  evolved 
whereby  the  viewpoint  of  the  architect  on  illumination  might  be  interchanged 
with  that  of  the  illuminating  engineer.  There  has  often  been  an  unfortunate 
tendency  to  consider  the  illumination  and  lighting  outlets  for  buildings  as 
incidental  details,  and  to  solve  the  problem  by  rule  of  thumb  or  mere  routine, 
often  to  the  neglect  of  the  wonderful  utilitarian  and  aesthetic  values  of  high 
grade  lighting.  On  the  other  hand,  there  is  tendency  of  the  lighting  engineer 
to  lose  sight  of  the  aesthetic  side  of  illumination  in  his  desire  to  provide  an 
efficient  installation  from  the  engineering  point  of  view. 

From  the  standpoint  of  lighting,  Mr.  Lowell  divided  buildings  into  two 
classes,  those  built  for  commercial  or  industrial  purposes  and  those  built  for 
recreation.  In  the  commercial  or  industrial  building,  the  architect  is  glad  to 
accept  the  advice  of  the  engineer  regarding  the  lighting.  In  buildings  erected 
for  recreation,  such  as  museums,  residences,  etc.,  Mr.  Lowell  hoped  that  some 
method  would  be  evolved  whereby  the  engineer  might  more  closely  absorb 
the  ideas  of  the  architect  and  install  lighting  in  accordance  with  the  general 
artistic  treatment. 

Many  problems  and  their  solution  were  related,  several  of  them  being 
quite  daring  and  spectacular.  In  the  Boston  Museum  of  Fine  Arts  it  was  found 
desirable  to  install  a  window  equipped  with  artificial  daj'light  to  obtain  the 
proper  effect  in  a  display  located  some  distance  from  any  windows.  The  in- 
terest and  upkeep  on  the  artificial  window  was  found  to  be  much  less  than  if 
an  actual  window  were  constructed. 

At  the  close  of  the  talk  an  interesting  discussion  was  held  in  which  repre- 
sentatives of  the  fixtures  houses  took  part.  There  were  in  attendance  about 
fifty  members  and  guests. 

PHILADELPHIA  Meeting— May  17,  1923 

The  Philadelphia  Section  met  at  the  Engineers'  Club  on  the  evening  of 
May  17  to  hear  a  paper,  "Modern  and  Spectacular  Lighting"  presented  by 
Mr.  W.  D'Arry  Ryan,  Dirertor  of  the  Illuminating  Engineering  Laboratory  of 
the  General  Electric  Co.,  Schenectady,  N.  V. 

In  view  of  the  general  and  popular  interest  in  the  paper  the  .section  ob- 
served "Ladies'  Night."  Preceding  the  meeting  dinner  wa.s  served  lo  fifty 
members  and  guests  at  the  .Arcadia  Cafe. 
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Mr.  Ryan  described  the  lighting  effects  at  the  Panama-Pacific  Exposition 
and  also  the  illumination  of  the  Brazilian  Centennial  Exposition  held  during 
the  past  winter  at  Rio  de  Janeiro.  The  paper  was  especially  interesting  on 
account  of  the  approaching  Sesqui-Centennial  Exposition  to  be  held  in  Phila- 
delphia in  1926,  and  was  illustrated  by  a  large  number  of  lantern  slides. 

Col.  John  Price  Jackson,  Chairman  of  the  Sesqui-Centennial  Committee 
also  spoke  on  behalf  of  the  proposed  exposition  and  showed  slides  of  the 
Centennial  Exposition  which  was  held  in  1876  at  Philadelphia.  There  were  in 
attendance  one  hundred  and  seventy-five  members  and  guests  at  the  meeting. 

NEW  YORK  Meeting— May  11,  1923 

A  joint  meeting  of  the  New  York  Section  and  the  Northern  New  Jersey 
Chapter  was  held  in  Paterson,  N.  J.,  on  the  evening  of  May  11.  Preceding 
the  meeting  dinner  was  served  to  sixty-five  members  and  guests  at  Faust 
Restaurant  which  was  followed  by  an  inspection  of  the  lighting  installation 
of  the  Cooper  Hewitt  Mercury  Vapor  lighting  system  in  use  at  the  National 
Silk  Throwing  Co.  of  Paterson. 

The  meeting  was  held  in  the  Chamber  of  Commerce  Rooms  and  two  interest- 
ing papers  on  silk  mill  lighting  were  presented.  Mr.  W.  J.  Winninghoff  read  a 
paper,  "Silk  Mill  Illumination  with  Mercury  Vapor  Lamps"  by  Mr.  C.  F, 
Strebig,  Cooper  Hewitt  Electric  Co.,  Hoboken,  N.  J.,  and  Mr.  H.  W.  Desaix, 
Watson-Flagg  Engineering  Co.,  Paterson,  N.  J.,  presented  a  paper,  "Silk 
Mill  Illumination  with  Incandescent  Lamps." 

There  was  considerable  discussion  of  the  papers  and  the  attendance  eighty- 
five  members  and  guests. 
NORTHERN  NEW  JERSEY  Meeting— June  11,  1923 

A  joint  meeting  of  the  Newark  Master  Electricians'  Association  and  the 
Northern  New  Jersey  Chapter  was  held  on  the  evening  of  June  11  at  the 
Eagles'  Home  in  Newark,  N,  J. 

The  meeting  was  addressed  by  Mr,  S.  G.  Hibben,  Manager  of  the  Illu- 
mination Bureau  of  the  Westinghouse  Lamp  Co.,  on  the  topic,  "Practical 
Electric  Lighting."  In  presenting  the  subject,  Mr.  Hibben  discussed  the 
following  points:  Light,  and  how  it  is  measured;  Characteristic  distribution 
of  light  from  various  types  of  luminaries;  Planning  lighting  installations;  and 
the  Value  of  good  lighting. 

There  were  eighty-six  members  and  guests  in  attendance  at  this  joint 
meeting  and  a  general  discussion  was  held  by  the  members  and  guests  pre- 
sent. A  rising  vote  of  thanks  was  tendered  Mr.  Hibben  for  the  presentation 
of  the  talk. 

TORONTO  Activities 

At  the  Toronto  Chapter  meeting  on  March  26,  Mr.  G.  G.  Cousins  of  the 
Hydro  Electric  Power  Commission  gave  an  interesting  talk  on  "Character- 
istics of  Glassware." 

Mr.  F.  T.  Groome  presented  a  paper,  "Difficult  Problems  in  Illumination" 
before  the  chapter  on  the  evening  of  April  23. 

The  annual  meeting  was  held  on  May  28  at  which  the  following  officers 
for  the  coming  year  were  elected:  Chairman,  Mr.  W.  H.  Woods;  Secretary, 
Mr.  J.  T.  Scott;  Executive  Committee,  Messrs.  R.  D.  Albertina,  R.  M.  Love, 
W.  Orr,  and  G.  R.  Anderson,  ex-oflBcio. 
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COUNCIL  NOTES 


ITEMS  OF  INTEREST 


At  the  meeting  of  the  Council,  May  lo,  1923,  the  follo\sang  were  elected 

to  membership: 

Six  Members 

Bayliss,  Roger  V.,  American  Gas  Accumulator  Co.,  Ehzabeth,  N.  J. 

Crosby,  Joseph  G.,  "WTialen  Crosby  Electric  Co.,  140  X.   nth  St.,  Phila- 
delphia, Pa. 

Elliott,  E.  LEA\TE>rv\^ORTH,  Cooper  Hewitt  Electric  Co.,  Hoboken,  N.  J. 

HoBBS,  Leonard  A.,  St.  Louis  Brass  Mfg.  Co.    &  Brascolite  Co.,  1331  W. 
7th  St.,  Los  Angeles,  Cal. 

Taggart,  Ralph  C,  Dept.  of  Architecture,  Capitol,  Albany,  N.  Y. 

VAN  Gilluwe,  Frank,  Western  Electric  Co.,  301  E.  8th  St.,  Los  Angeles,  Cal. 

Sixteen  Associate  Members 
Balkam,  Herbert  H.,  Consumers  Power  Co.,  252  W.  Main  St.,   Jackson, 

Mich. 
Collar,  Olcott  N.,  Sargent  &  Lundy,  1412  Edison  Bldg.,  Chicago,  111. 
Deskins,  Hiram  T.,  Kilgore  Electric  Co.,  Box  371,  Williamson,  W.  Va. 
Eteson,  Franklin  C,  Blackstone  Valley  Gas   &  Elec.  Co.,  231  Main  St., 

Pawtucket,  R.  I. 
Flowers,  Dean  W.,  St.  Paul  Gas  Light  Co.,  51  E.  6th  St.,  St.  Paul,  Minn. 
Glameyer,  William,  Jr.,  United  Electric  Light  &  Power  Co.,  514  W.  147th 

St.,  New  York,  N.  Y. 
Grossberg,  Arthur  S.,  Albert  Kahn,  1000  Marquette  Bldg.,  Detroit,  Mich. 
Hale,  H.  S.,  Westinghouse  Elec.  &  Mfg.  Co.,  717  S.  12th  St.,  St.  Louis,  Mo. 
Locker,  Frank  H.,  Detroit  Edison  Co.,  2000  Second  St.,  Detroit,  Mich. 
Matchett,  Fred  D.,  Victor  Electric  Supply  Co.,   131    Jefferson  Ave.,  E. 

Detroit,  Mich. 
Quivey,  Wyllis  E.,  Benjamin  Electric  Mfg.  Co.,  847  W.   Jackson  Blvd., 

Chicago,  111. 
RoBiNH,  OuRiN  A.,  Electric  league  of  Cohimbus,  9  E.  Long  St.,  Columbus,  O. 
Strkbkj,  C'harles  F.,  Cooper  Hewitt  Electric  Co.,  95  River  St.,  Hoboken, 

N.  J. 
TiM.M,  Edward  W.,  Western  Electric  Co., 458  Milwaukee  St..  Milw:uik(H'.  Wis. 
TuuNKUi.L,  T.  S.,  Tulhnan  Brass  &  Metal,  Ltd.,  WiLson  St.,  liainilton,  Ont., 

Canada. 
Wagscmal,  GEOR(iK,  Georgc  D.  Mason    &  Co.,  508  Griswold  St.,  Detroit, 

Mich. 

One  Transfer  to  Full  Membership 

Mahan,  Howard  E.,  General  Electric  Co.,  Schenectady,  X.  Y. 


The  (ienerul  Secretary  n|K)rted  the  death,  on  .\pril  22,  19J3,  of  one 
aasociate  member,  C.  N.  JellifTe,  American  Light  and  Traction  Co.,  New 
York  City. 
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CONFIRMATION  OF  APPOINTMENTS 

As  members  of  the  Committee  of  Tellers — E.  L.  Bradbury,  Chairman;  D.  W^ 
Atwater,  R.  H.  Maurer,  H.  H.  Millar,  and  A.  S.  Turner. 

As  members  of  the  General  Convention  Committee — Henry  W.  Peck,  Vice- 
Chairman;  H.  E.  Mahan,  Secretary;  Alexander  Anderson,  H.  Calvert, 
Julius  Daniels,  E.  Y.  Davidson,  Jr.,  Frank  H.  Gale,  S.  G.  Hibben,  Preston 
S.  Millar,  G.  Bertram  Regar,  W.  M.  Skiff,  J.  L.  Stair,  G.  H.  Stickney 
and  E.  D.  Tillson. 

As  member  of  the  Committee  on  Research — Ernest  F.  Nichols. 


The  Council  accepted  with  regret  the  resignation  of  Dr.  Edward  P.  Hyde 
as  Chairman  of  the  Committee  on  Research. 

The  Council  accepted  the  report  of  the  Committee  on  Time  and  Place, 
designating  the  Convention  headquarters  at  the  Fort  William  Henry  Hotel, 
Lake  George,  N.  Y.,  September  24  to  28,  1923. 

The  Council  approved  the  amendment  of  By-law  (a).  Section  i,  Article 
IV,  of  the  Constitution  to  read  as  follows:  The  entrance  fee  for  Members  and 
for  Associate  Members  shall  be  $2.50.  Remittance  for  entrance  fee  and 
current  dues  shall  accompany  the  application. 


At  the  meeting  of  the  Council,  June  28,  1923,  the  following  were  elected 
to  membership: 

Three  Members 

Curtis,  Kenneth,   National  X-Ray  Reflector  Co.,   235  W.    Jackson  Blvd., 
Chicago,  111. 

Gould,  Herman  P.,  Eastman  Optical  Shop,  Inc.,  12  Maiden  Lane,  New  York, 
N.  Y. 

Odenath,  Harry  E.,   Sears  Roebuck    &  Co.,  4640  Roosevelt  Blvd.,  Phila- 
delphia, Pa. 

Twenty-two  Associates 

Besinsky,   Vaclav,    Czechoslavak   League   of   Electrotechnics,    i    Palack^ho 

Ulice,  Prague  VII,  Czecho-Slovak  Republic. 
Brown,  Willard  C,  National  Lamp  Works  of  G.  E.  Co.,  Nela  Park,  Cleveland, 

Ohio. 
Domoney,  Earl  R.,  Consumers  Power  Co.,  134  S.  Washington  St.,  Saginaw, 

Mich. 
Donahue,  Rev.  Joseph  N.,  Columbia  University,  Portland,  Ore. 
Dunn,  J.  M.,  Radio  Appliance  Co.,  123  Pleasant  St.,  Morgantown,  West  Va. 
Fleming,  E.  F.,  Central  Electric  Co.,  316  W.  Wells  St.,  Chicago,  111. 
Gray,  Samuel  McK.,  Electrical  Testing  Laboratories,  80th  St.   &  East  End 

Ave.,  New  York,  N.  Y. 
Haas,  O.  F.,  National  Lamp  Work  of  G.  E.  Co.,  Nela  Park,  Cleveland,  Ohio. 
Hannum,   J.  E.,  Eye  Sight  Conservation  Council  of  America,   1206  Times 

Bldg.,  New  York,  N.  Y. 
Hartman,  Harris  V.,  New  York  Edison  Co.,  130  East  15th  St.,  New  York,  N.Y. 
Hill,  Marvin,  Benton,  Kansas. 
Hinton,  James  W..  Westinghousc  Lamp  Co.,  1005  Market  St.,  Philadelphia, 

Pa. 
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Humez,  J.  F.,  Macbeth-Evans  Glass  Co.,  5-134  General  Motors  Bldg.,  Detroit, 
Mich. 

Humphrey,  Arthur  F.,  Biddle-Gaumer  Co.,  3846-56  Lancaster  Ave.,  Phila- 
delphia, Pa. 

Johnston,  Richard  J.,  George  Cutter  Works  of  Westinghouse  Elec.  &  Mfg. 
Co.,  South  Bend,  Ind. 

Kase,  Daniel  B.,  Rumsey  Electric  Co.,  1007  Arch  St.,  Philadelphia,  Pa. 

Laughton,  Abbot  A.,  Athol  Gas  &  Electric  Co.,  426  Main  St.,  Athol,  Mass. 

Mausk,  Raymond  E.,  National  Lamp  Works,  Nela  Park,  Cleveland,  Ohio. 

Nichol,  H.  G.,  Jr.,  Macbeth-Evans  Glass  Co.,  Chamber  of  Commerce  Bldg., 
Pittsburgh,  Pa. 

Norris,  George  T.,  Philadelphia  Electric  Co.,  1000  Chestnut  St.,  Phila- 
delphia, Pa. 

Wilson,  Elmer  D.,  209  Clinton  Avenue,  Newark,  N.  J. 

Wise,  John  E.,  University  of  Wisconsin,  Madison,  Wis. 

One  Associate  Member  Reinstated 
Kato,  K.,  Tokio  Electric  Co.,  Kawasaki-Machi,  Kanagawa-Ken,  Japan. 

One  Transfer  to  Associate  Membership 
Trimming,  Percy  H.,  Dominion  Flour  Mills,  Ltd.,  Montreal,  Canada. 


The  General  Secretary  reported  the  deaths  of  two  members  and  two 
associate  members:  Dr.  Louis  Bell,  120  Boylston  Street,  Boston,  Mass.;  Pro- 
fessor A.  G.  Webster,  Clark  University,  Worcester,  Mass.;  and  Mr.  Uhl  M. 
Smith,  Bureau  of  Standards,  Washington,  D.  C;  Mr.  C.  A.  Strong,  79  Milk 
Street,  Boston,  Mass. 

CONFIRMATION  OF  APPOINTMENTS 

As  ynemhers  of  the  General  Convention  Committee — N.  R.  Birge,  B.  S.  Beach, 
W.  T.  Blackwell,  S.  H.  Blake,  A.  D.  Cameron,  S.  E.  Doane,  W.  L.  Robb, 
C.  P.  Steinmctz,  C.  D.  Wagoner,  D.  B.  Taylor,  H.  F.  Wallace,  F.  H. 
Winkley  and  L.  A.  S.  Wood. 

Ah  member  on  the  Advisory  Committee,  Engineering  Ditnsion,  National  Re- 
search Council — Dugald  C.  Jackson. 

As  Chairman  of  the  Committee  on  Research — Ernest  F.  Nichols. 


The  (Icncral  Secretary  presented  a  report  of  the  lett<T-bailot  on  the  amend- 
ment of  By-law  (a),  Section  i,  Article  IV,  of  the  Constitution  showing  a 
concurring  vote  of  the  majority  of  the  entire  Council. 


Thr  Council  .ipprovrd  by  letter  ballot  the  granting  of  a  petition  for  the 
organization  of  a  chapter  covering  .southern  California,  with  headquarters  in 
IvOH  Angeh'.s,  to  be  known  as  the  Los  .\ngeles  Chapter. 

Committee  Reports 
The  Cejural  Secretary  presented  tlu*  report  of  the  Committee  of  Tellers 
which  met  on  May  2t>,  1923.     The  Council  instructed  the  General  Secretary 
to  give  the  names  of  the  newly  elected  oflieers  to  the  technical  pre.s.s. 
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NEWS  ITEMS 
ADOPTION  OFTHE  INDUSTRIAL  LIGHTING  CODE  IN  PENNSYLVANIA 

According  to  the  May  Bulletinof Information issuedhy the IndustnalBoaTd, 
Department  of  Labor  and  Industry,  Commonwealth  of  Pennsylvania,  the 
Industrial  Lighting  Code  which  has  been  in  the  process  of  revision  for  a  year 
was  adopted  by  the  Industrial  Board  at  its  May  10,  1923  meeting. 

The  revised  code  is  based  on  the  National  Lighting  Code  adopted  by  the 
American  Engineering  Standards  Committee  as  American  Standard.  The 
public  hearings  developed  the  necessity  for  changing  some  of  the  intensity  re- 
quirements provided  in  the  National  Code,  and  for  providing  minimum  and 
recommendatory  intensities  for  a  number  of  industries  not  covered  by  the 
National  Code,  Rules  on  Emergency  Lighting  and  Protection  against  Ex- 
plosion are  also  included  in  the  revised  draft. 

In  addition  to  the  general  rules,  the  code  contains  two  tables.  Table  I  is 
to  be  used  in  determining  the  illumination  necessary  for  industrial  establish- 
ments. Table  II  gives  the  minimum  and  recommendatory  intensities  of 
illumination  for  various  industries  and  occupations.  The  following  is  an 
abstract  of  the  code  as  adopted: 

"RULE  378.    DISTRIBUTION  OF  LIGHT. 

(a)  (A-i)  Lamps  shall  be  installed  in  regard  to  height,  spacing,  reflectors 
or  other  accessories  to  secure  a  good  distribution  of  light  on  the  work, 
avoiding  objectionable  shadows  and  excessively  sharp  contrasts. 

"RULE  379.    EMERGENCY  LIGHTING. 

(a)  (A-i)  All  waj'S  or  egress  of  means  of  escape  in  establishments 
wherein  persons  are  employed  after  darkness  shall  be  provided  with  a 
rehable  emergency  electric  lighting  circuit,  of  a  type  to  be  approved  by 
the  Commissioner  of  Labor  and  Industry. 

Such  emergency  lighting  shall  have  a  minimum  intensity  of  0.50  foot- 
candle  on  the  space. 

"RULE  380.    INTENSITY  OF  ILLUMINATION. 
"RULE  381.     (a)  Gas,  vapor  and  dust-proof  lighting  fixtures  shall  be 
provided  at  all  places  where  explosive  gas,  vapor,  or  dust  accumulate." 
The  Industrial  Board  was  assisted  by  the  following  persons  in  the  drafting 
of  this  code: 

Earl  A.  Anderson,  Illuminating  Engineering  Societj^  Cleveland;  Maurice  L. 
Crass,  Grasselli  Chemical  Co.,  Cleveland;  E.  Y.  Davidson,  Jr.,  Macbeth- 
Evans  Glass  Co.,  Pittsburgh;  H.B.  Harmer,  Philadelphia  Electric  Co.,  Phila- 
delphia; B.  E.  Hatch,  Westinghouse  Electric  Co.,  Philadelphia;  W.  J.  Hart, 
Jones  and  Laughlin  Steel  Corp.,  Pittsburgh; Howard  Heslip,  Duquesne  Light 
Co.,  Pittsburgh;  Ward  Harrison,  Illuminating  Engineering  Society,  Cleveland; 
J.  J.  Minnick,  Westinghouse  Electric  Co.,  Philadelphia;  W.  E.  Megraw,  H.  H. 
Robertson  Co.,  Pittsburgh;  A.  A.  McLean,  Travelers  Insurance  Co.,  Pittsburgh; 
J.  W.  Pollock,  Baldwin  Locomotive  Works;  Miss  G.  M.  Pugh,  Consumers' 
League;  Wm.  J.  Serrill,  Illuminating  Engineering  Society,  Philadelphia; 
Charles  Thomas,  American  Bridge  Co.,  Ambridge,  Pa;  Walter  C.  Titus,  Jones 
and  Laughlin  Steel  Co.,  Pittsburgh. 
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G.  BERTRAM  REGAR  WINS  DOHERTY  PRIZE 

In  1910  Mr.  Henry  L.  Doherty  provided  for  the  annual  presentation  of  a 
gold  medal  to  the  author  of  the  best  paper  presented  before  a  section  of  the 
National  Electric  Light  Association.  The  prize  this  year  was  won  by  Mr.  G. 
Bertram  Regar  of  the  Philadelphia  Electric  Company,  his  paper  being  en- 
titled "More  Business  through  Better  Lighting."  It  is  understood  that  this 
is  the  first  time  that  the  award  of  the  Doherty  prize  has  been  made  to  the 
author  of  a  paper  dealing  with  lighting.  It  will  therefore  be  doubly  gratifying 
to  members  of  this  Society  to  note  that  this  important  prize  goes  to  so  prom- 
inent a  member  of  this  Society  and  that  the  subject  of  lighting  has  thus 
received  such  favorable  attention  at  the  hands  of  central  station  men. 

Mr.  Regar's  distinguished  services  to  the  Society  include  his  successful 
administration  of  the  Committee  on  Membership  during  the  past  two  years, 
during  the  latter  of  which  he  has  served  also  as  Chairman  of  the  Lighting 
Sales  Bureau  of  the  National  Electric  Light  Association.  Once  more  attention 
is  thus  drawn  to  the  fortunate  coincidence  of  public  interest  with  the  interests 
of  the  light  and  power  companies  in  the  development  of  improved  illumination. 
Altruism  and  commercial  interest  go  hand  in  hand  and  many  authors  like 
Mr.  Regar  are  promoting  the  public  interest  while  promoting  their  private 
interests  through  activities  directed  at  the  improvement  of  lighting  conditions. 

NEW  OFFICERS 

At  the  June  meeting  of  the  Council  the  report  of  the  Committee  of  Tellers 
was  read  and  accepted.  According  to  the  returns  reported  by  the  committee 
the  following  have  Ixjen  elected  to  the  offices  indicated: 

General  Officers 
President,  Mr.  Clarence  L.  Law,  New  York  City. 
General  Secretary,  Mr.  Samuel  0.  Hibben,  New  York  Citj'. 
Treasurer,  Mr.  Louis  B.  Marks,  New  York  City. 
Vice-President,  Mr.  D.  McFarlan  Moore,  Harrison,  N.  J. 
Directors,  Messrs.  James  P.  Hanlan,  Newark,  N.  J.,  Howard  Lyon, 
Gloucester,  N.  J.,  and  H.  F.  Wallace,  Boston,  Mass. 
Chicago  Section  Officers 
Chairman,  Mr.  F.  A.  Rogers;  Secretary,  Mr.  E.  J.  Teborg;  Board  of 
Managers:  Messrs.  A.  L.  Arcn])org,  \V.  S.  Ilamm,  N.  B.  Hickox, 
W.  E.  (^uivcy  and  E.  D.  Tiilson. 

New  England  Section  Officers 
Chairman,   Mr.   Walter  V.    Batson;  Secretary,   Mr.   Julius  Daniels; 
Hoard  of  Managers:  Messrs.  Cyrus  Barnes,  \.  W.  Dovine,  W.  S. 
Fitch,  H.  W.  IIoHrncr,  and  J.  A.  Toohey. 

New  York  Section  Officers 
Chairman,  Mr.  L.  J.  ly^wiiison;  .S'rr/vM/ //,  Mr.  J.  Iv  Bu(kl«\v;  Hoard 
of  Managers:  Mcs.srH.  S.  K.  Barrett,  H.  W.  Dcsaix,  K.  K.  Dorting, 
J.  H.  I'Vnninmn,  and  K.  H.  llobbie. 

Philadelphia  Section  Officers 
Chairman,   Mr.   H.  Calvert;  Srrrrtary,   Mr.    .1.    .1.    Kcilly;    Hoard  of 
Managers:    Mcwrs.  II.  B.  Anderson,  G.  A.  lloadley,  M.  C.  llus««, 
Howard  Lyon,  nui\  Iv  L.  SlioU. 
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NATIONAL  ILLUMINATING  COMMITTEE  OF  GREAT  BRITAIN* 

In  the  Journal  of  the  Institution  of  Electrical  Engineers,  May,  1923, 
(London),  there  appears  a  report  of  the  Chairman  of  the  year  1922,  and  in 
view  of  its  interest  to  members  of  the  I.  E.  S.,  is  reprinted  below. 

In  February  last  (1922)  the  provisional  Definitions  of  Photometric  Terms 
and  Units  proposed  by  the  British  National  Committee  were  published  to- 
gether with  a  prefatory  note  and  have  been  officially  adopted  by  the  three 
constituent  Societies.  They  also  form  the  basis  of  a  set  of  Photometric  DeG- 
nitions  shortly  to  be  issued  by  the  British  Engineering  Standards  Association 
as  part  of  a  comprehensive  set  of  Electrical  Engineering  terms. 

The  Definitions  in  question,  whilst  agreeing  with  the  decisions  of  the 
International  Commission  on  Illumination  held  in  Paris  in  192 1,  go  considerably 
further  and  are  in  some  respects  at  variance  with  a  set  of  Definitions  approved 
in  July,  1922,  by  the  American  Engineering  Standards  Committee. '^  The 
occasion  of  a  visit  b}^  Dr.  Clayton  H.  Sharp  to  this  country  in  December  last 
was  seized  upon  to  discuss  these  Definitions  with  one  so  largely  instrumental  in 
the  drafting  of  the  American  Definitions.  Dr.  Sharp  kindly  consented  to 
attend  a  Meeting  of  the  Nomenclature  Sub-Committee,  and  as  a  result  of 
this  interchange  of  views,  the  Sub-Committee  are  now  considering  how  the 
proposed  Definitions  can  be  amended  so  as  to  minimize  the  points  of  difference 
between  this  country  and  the  United  States. 

A  preliminary  list  of  Symbols  has  also  been  prepared  by  the  Nomenclature 
Sub-Committee  and,  after  submission  to  the  British  Committee,  these  have 
been  communicated  to  a  number  of  interested  Societies,  publication  being 
deferred  until  their  criticisms,  if  any,  have  been  considered. 

Dr.  C.  O.  Mailloux  (U.S.A.)  and  Mr.  K.  Edgcumbe  (Gt.  Britain)  were 
asked  by  the  central  office  of  the  National  Illumination  Commission  to  pre- 
pare an  English  translation  of  the  French  official  text  of  Terms  and  Definitions 
adopted  in  Paris  in  192 1.  A  meeting  was  held  in  this  country  and  the  trans- 
lation agreed  upon.    The  text  forms  an  Appendix  to  this  Report. 

At  the  1 92 1  Paris  Meeting  of  the  Commission  an  International  Com- 
mittee on  Automobile  Headlights  was  appointed  and  Mr.  K.  Edgcumbe 
was  subsequently  nominated  by  the  British  National  Committee  as  their 
Representative  thereon.  A  fairly  complete  set  of  recommendations  having 
been  drawn  up  in  the  United  States  by  a  Committee  under  the  Chairmanship 
of  Dr.  Clayton  H.  Sharp,  the  subject  was  discussed  with  that  gentleman  on 
the  occasion  of  his  visit  to  this  country,  and  at  a  subsequent  interview  with 
Mr.  Perrin  of  the  Ministry  of  Transport  the  question  was  raised  of  how  the 
British  National  Committee  could  best  serve  the  interests  of  this  country 
in  connection  with  Automobile  Headlights.  It  appeared  that  the  most  useful 
course  would  be  to  appoint  a  Sub-Committee  to  consider  the  recommendations 
which  had  already  been  published  in  other  countries,  with  a  view,  if  possible, 
of  arriving  at  common  agreement  through  the  medium  of  the  International 
Headlights  Committee. 

*See  Institution  Notes,  No.  30,  page  11,  January  1922. 

'Illuminating  Engineering  Nomenclature  and  Photometric  Standards,  American  Standard, 
approved  July  11,  1922  by  A.  K.  S.  C. 
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In  view  of  the  fact  that  a  large  and  increasing  part  of  the  work  of  the 
British  National  Committee  relates  to  standardization,  it  was  decided,  with 
the  approval  of  the  three  constituent  Societies  to  ask  the  British  Engineering 
Standards  Association  to  form  a  sectional  Committee  on  Illumination  to 
which  such  matters  could  be  referred.  It  is  proposed  that  this  Committee 
should  deal  solely  with  standardization  or  similar  questions  referred  to  it  by 
the  British  National  Committee,  all  international  matters  being  dealt  ^ith 
by  the  National  Committee  as  heretofore. 

K.  Edgccmbe. 
January,  1923.  Chairman. 

PHOTOMETRIC  DEFINITIONS 
Official  Translation  of  the  French  Text 

Luminous  flux. — Is  the  rate  of  passage  of  radiant  energy  evaluated  by 
reference  to  the  luminous  sensation  produced  by  it. 

Although  luminous  flux  should  be  regarded,  strictly,  as  the  rate  of  passage 
of  radiant  energ}'  as  just  defined,  it  can,  nevertheless,  be  accepted  as  an  entity 
for  the  purposes  of  practical  photometry,  since  the  velocity  may  be  regarded 
as  being  constant  under  those  conditions. 

The  unit  of  luminous  flux  is  the  lumen. — It  is  equal  to  the  flux  emitted  in 
unit  solid  angle  by  a  uniform  point  source  of  one  international  candle. 

Illumination. — The  illumination  at  a  point  of  a  surface  is  the  density  of 
the  luminous  flux  at  that  point,  or  the  quotient  of  the  flux  by  the  area  of  the 
surface  when  the  latter  is  uniformly  illuminated. 

The  practical  unit  of  illumination  is  the  lux. — It  is  the  illumination  of  a 
surface  one  square  metre  in  area,  receiving  a  uniformh-  distributed  flux  of 
one  lumen,  or  the  illumination  produced  at  the  surface  of  a  sphere  having  a 
radius  of  one  metre  by  a  uniform  point  source  of  one  international  candle 
situated  at  its  centre. 

In  view  of  certain  recognized  usages,  illumination  may  also  be  ex- 
pressed in  terms  of  the  following  units: — 

Taking  the  centimetre  as  the  unit  of  length,  the  unit  of  illumination  is 
the  lumen  per  square  centimetre;  it  is  known  as  the  "phot."  Taking  the  foot 
as  the  unit  of  length,  the  unit  of  illumination  is  the  lumen  per  square  foot; 
it  is  known  as  the  "foot-candle." 

I  foot-candle  =  10.764  lux 

=    1.0764  milli-phot 

Luminous  ititensity  {candle power). — The  luminous  intensity  (candle- 
I)ower)  of  a  point  source  in  any  direction  is  the  luminous  flux  per  unit  .solid 
angle  omitted  by  that  source  in  that  direction.  (Th(^  flux  emanating  from  a 
source  whose  (iirn<'nsion.s  iire  negligible  in  comparison  witii  tlu^  distance  from 
which  it  i.s  observed  may  l)e  eoii.sidered  as  coming  from  a  point.) 

The  unit  i>f  luminous  intcnsiti/  (candle power)  is  the  International  Candle, 
Buch  n.s  nsultrd  from  agnu'ments  efT»'ct(>d  between  tluMhree  National  Stand- 
ardi/ing  Laboratories  of  France,  (Ireat  Britain  and  the  United  States  in  I()(H).* 

This  unit  hixn  been  maintained  .since  then  l)y  means  of  incandescent  electric 
larnpsin  thew  l.-iboratoricHwhichconlimie  to  be  eiilrustiMl  with  its  niainti'nance. 

*'riu-M'  I,nl»uri»I..rn-«  ar««:  tUv  I.nhoriituni'  (Vntral  d'l vlrolricit^  111  I'liriN;  tlu<  .NiUionnI 
rhyninil  I.aboriitory  in  Tp«UlinK(..r».  niui  tlio  Murrnu  of  ytmidanls  m  W)i.iluii«tou, 
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SUPPORT  THE  MEMBERSHIP  DRIVE 
The  membership  drive  under  the  direction  of  Vice-President  G.  Bertram 
Regar  of  Philadelphia  is  proving  fruitful  of  splendid  results.     A  record  of 
newly  elected  members  of  nearly  two  hundred  and  fifty  is  reported  to  date  which 
is  very  gratif3'ing  to  the  officers  and  members  of  the  I.  E.  S. 

The  drive  will  be  earnestly  continued  for  the  next  three  months  and  the 
committee  hopes  to  receive  at  least  one  hundred  new  applications  during  this 
period.  To  achieve  this  goal  means  the  hearty  cooperation  and  loyal  support 
of  each  individual  member. 

The  Constitution  provides  that  membership  dues  shall  date  from  the 
quarter  of  the  fiscal  year  nearest  the  date  of  notice  of  admission  to  the  apphcant. 
For  the  last  three  months  of  the  fiscal  year  the  dues  for  the  grade  of  associate 
member  amount  to  $1.88  and  for  the  grade  of  member  $3.75;  the  entrance  fee 
is  $2.50. 

Application  blanks  and  membership  literature  can  be  secured  from  members 
of  the  committee  or  from  the  General  Office. 

Have  you  sent  in  a  signed  application?  Have  you  sent  to  the  chairman, 
Mr.  G.  Bertram  Regar,  1000  Chestnut  Street,  Philadelphia,  names  of  pro- 
spective applicants?  Show  your  loyalty  and  interest  in  the  membership  drive 
by  securing  a  new  member. 

I.  E.  S.  CONVENTION  AT  LAKE  GEORGE 

The  1923  Convention  of  the  Illuminating  Engineering  Society  is  to  be 
held  September  24  to  28  inclusive  at  Lake  George,  N.  Y.,  famous  the  world 
over  as  the  most  picturesque  resort  in  America.  The  lake  is  32  miles  in  length, 
its  width  varies  from  three  quarters  of  a  mile  to  four  miles,  dotted  with  many 
islands  and  surrounded  by  majestic  mountains.  The  headquarters  of  the  Con- 
vention will  be  the  Fort  William  Henry  Hotel,  possessing  every  modern 
convenience  and  attraction.  Golf,  tennis,  boating  and  bathing  are  splendidly 
provided  for. 

Lake  George  is  seventy  miles  from  Albany,  accessible  by  railroad  and  un- 
excelled automobile  highways.  A  wealth  of  historical  interest  including  old 
forts  and  battlegrounds  prevails  in  the  immediate  vicinity. 

A  unique  program  of  entertainment  is  being  provided  and  unusual  spectac- 
ular lighting  features  are  being  planned.  It  is  hoped  to  combine  business 
and  pleasure  at  this  Convention  in  a  manner  to  enable  all  visiting  delegates 
and  particularly-  the  ladies  to  enjoy  the  wealth  of  scenic  beauty  so  abundant 
in  this  wonderful  country  of  mountains  and  lakes. 

A  well  balanced  program  of  Commercial  and  Technical  papers  is  being 
prepared  by  the  Committee  on  papers  under  the  direction  of  Mr.  J.  L.  Stair 
of  Chicago. 

COMMITTEE  ACTIVITIES 

The  General  Convention  Committee  held  its  first  meeting  at  the  Society 
Headquarters  on  June  7,  1923.  The  general  program  of  entertainment  and 
other  features  of  the  convention  was  outlined  by  Chairman  Ryan  and  a 
tentative  schedule  of  events  was  adopted. 


Convention  Headquarters  at  Fort  William  Henry  Hotel,  Lake  George,  X.  Y 


I'tic     lioiit  l.iiiiiling. 


View  of  Boat  Landing  from  hotel. 


Lake  George,  N.  Y. 
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At  the  meeting  of  the  Sectional  Committee  of  the  A.  E.  S.  C.  on  June  4, 
1923  the  following  officers  were  elected:  Mr.  L.  B.  Marks,  Chairman;  Mr. 
Sullivan  W.  Jones,  Vice-Chairman;  and  Mr.  W.  F.  Little,  Secretar}'.  This 
sectional  committee  is  considering  the  revision  of  the  Code  of  School  Lighting. 


A  joint  session  of  the  Committee  on  Lighting  Legislation  and  the  Sectional 
Committeeof  the  A.E.S.C.  convened  on  June  4, 1923  at  which  time  the  discussion 
of  the  revised  Code  of  School  Lighting  was  held.  The  revised  Code  will  be 
presented  at  the  coming  convention  in  September  for  general  discussion  by 
members  of  the  I.  E.  S. 


The  Committee  on  Nomenclature  and  Standards  met  at  the  Society- 
Headquarters  on  June  22,  1923  to  consider  the  report  to  be  presented  at  the 
convention  and  a  summary  of  the  changes  in  the  American  Standard  which 
have  so  far  been  agreed  to  in  previous  meetings  of  the  committee. 

OBITUARY 

Prof.  Arthur  Gordon  Webster  of  Clark  University,  an  eminent  physicist, 
died  from  self-inflicted  bullet  wound  on  May  15,  1923.  This  tragic  occurrence, 
which  means  a  great  loss  to  science  caused  amazement  among  Professor 
Webster's  friends  and  associates,  for  he  had  shown  no  signs  of  depression  and 
must,  it  is  beheved,  have  taken  his  life  as  the  result  of  a  sudden  impulse.  He 
had  attained  great  success  in  many  scientific  lines  and  was  recognized  as  one 
of  the  world's  greatest  authorities  on  electricity  and  sound.  He  was  born 
in  Brookline,  Mass.,  was  graduated  from  Harvard  in  1885  and  later  studied 
in  Paris,  Berlin  and  Stockholm.  After  spending  a  year  as  instructor  at  Har- 
vard, he  entered  the  service  of  Clark  University,  where  he  was  successively 
docent  in  physics,  assistant  professor  of  physics,  professor  of  physics  and 
director  of  the  physical  laboratory,  holding  the  last-named  offices  at  the  time 
of  his  death.  Professor  Webster  was  the  author  of  several  important  works 
on  electricity  and  dynamics  and  during  the  war  was  made  a  member  of  the 
Naval  Advisory  Board  of  Scientists,  of  which  Thomas  A.  Edison  was  chairman. 
All  who  knew  him  will  mourn  the  loss  of  a  steadfast  friend  and  a  delightful 
personality,  and  the  electrical  industry  will  sadly  miss  the  fruits  of  iiis  brain 
and  the  enthusiasm  he  inspired  for  scientific  research. 


Mr.  I 'hi  M.  Smith,  of  the  Bureau  of  Standards.  Washington,  D.  C,  was 
instantly  killed  on  April  21,  1923,  when  a  Martin  air  service  boml)ing  plane 
nose-dived  into  the  (Ireat  Miami  river  at  Dayton,  Ohio. 

Mr.  Smith  was  at  Dayton  in  connection  with  some  work  on  (\)lors  for 
Traffic  Signals  in  which  he  had  taken  a  lea<ling  part.  At  the  Bureau  he  wa.s 
in  charge  of  work  on  automobile  lighting  in  general,  and  was  a  im^niher  of 
the  L  E.  S.  Committee  on  Motor  Vehicle  Lighting. 
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BIOGRAPHY  OF  CLARENCE  L.  LAW 

President-elect  I.  E.  S. 

1923-1924 

Mr.  Clarence  L.  Law,  newly-elected  President  of  the  Illuminating  Engineer- 
ing Society,  was  born  in  New  York  City,  April  15,  1885.  His  education  was 
received  in  New  York  City  elementary  and  high  schools,  supplemented  by 
private  tutors. 

Mr.  Law  became  connected  with  the  electrical  industry  November  i, 
1906,  when  he  entered  the  employ  of  The  New  York  Edison  Company  as  a 
special  inspector.  A  year  later  he  was  made  Special  Agent;  in  July,  19 10,  he 
was  advanced  to  Manager  of  the  Bureau  of  Illuminating  Engineering,  and 
was  recently  appointed  Assistant  to  the  General  Commercial  Manager,  which 
position  he  now  holds. 

During  Mr.  Law's  period  of  service  with  The  New  York  Edison  Company, 
he  specialized  in  the  field  of  illumination  from  the  time  when  it  became  neces- 
sary to  demonstrate  the  most  economical  and  efficient  use  of  light  by  means 
of  improved  and  perfected  lamps.  Mr.  Law's  duties,  during  his  association 
with  The  New  York  Edison  Company,  covered  work  pertinent  to  illuminating 
engineering,  large  building  oversight,  surveys,  lamp  development,  special 
outdoor  decorative  and  spectacular  lighting. 

Mr.  Law  is  affiliated  with  a  number  of  prominent  organizations,  including 
several  contributing  to  the  development  of  the  electrical  industry.  He  is  at 
present  Chairman  of  the  Board  of  Trustees  of  the  Association  of  Employees 
of  The  New  York  Edison  Company;  Director,  New  York  State  Commission 
for  the  Prevention  of  Blindness;  Member,  American  Association  for  the 
Advancement  of  Science;  the  Architectural  League  of  New  York;  the  New 
York  Electrical  League;  the  American  Institute  of  Electrical  Engineers;  a 
former  member  of  the  Executive  Committee  of  the  Commercial  Section  of 
the  National  Electric  Light  Association.  Mr.  I^aw  has  also  served  on  a 
number  of  Committees  of  the  N.  E.  L.  A.,  and  is  Past-Chairman  of  the 
Metropohtan  New  York   Section. 

Mr.  Law  joined  the  Illuminating  Engineering  Society  in  19 12,  and  has 
served  in  the  capacity  of  Secretary  of  the  New  York  Section;  Acting  Chair- 
man, New  York  Section;  Vice-President,  for  two  years;  General  Secretary, 
for  five  years;  and  Director  for  one  year,  and  is  also  a  miember  of  several  com- 
mittees. He  has  presented  papers  before  the  Society  on  different  subjects 
pertaining  to  illuminating  engineering. 

In  local  movements,  in  New  York  City,  Mr.  Law  is  active  in  welfare 
work,  and  is  connected  with  civic  organizations  such  as  The  Merchants' 
Association,  the  Fifth  Avenue  Association  and  the  Broadway  Association. 


j^^O 


Clahknck  L.  Law 

I'ltrHIDENT-KLECT  I.   K.   S. 
IUJ.»-I0a4 
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PERSONAL  MENTION 

Mr.  F.  M.  Feiker,  formerly  vice-president  of  the  McGraw-Hill  Company, 
Inc.,  and  more  recently  on  leave  of  absence  as  special  agent  of  the  Department 
of  Commerce  at  Washington  will  after  his  return  from  Washington,  be  associ- 
ated with  the  staff  of  the  Societj-  for  Electrical  Development,  New  York  City, 
As  a  result  of  the  appointment  of  Mr.  Feiker  the  various  branches  of  the  elec- 
trical industry  served  by  the  society  will  secure  the  benefit  of  his  broad  ex- 
perience and  background,  for  he  will  be  available  to  act  as  a  special  counselor 
to  engineers,  manufacturers,  central  stations,  jobbers,  contractor-dealers  and 
publishers.  His  special  training  and  wide  knowledge  in  the  engineering 
publishing  and  public  relations  field  of  many  industries,  qualify  him  eminently 
for  such  consulting  work.  Mr.  Feiker  will  retain  a  consulting  relation  to  the 
McGraw-Hill  Company,  and  he  will  continue  in  a  similar  capacity  his  relation 
to  the  problems  of  personnel  and  organization  of  the  Department  of  Commerce 
at  Washington, 


Dr.  A.  S.  McAllister,  engineer  physicist.  Bureau  of  Standards,  who  during 
the  past  two  years  has  been  liaison  officer  of  the  U.  S.  Bureau  of  Standards 
and  the  Federal  Specifications  Board  assigned  to  the  headquarters  of  the 
American  Engineering  Standards  Committee  at  New  York  City,  has  been 
recalled  to  Washington  for  special  work,  by  Secretary  Hoover  of  the  Depart- 
ment of  Commerce.  Dr.  D.  R.  Harper  3d,  physicist  of  the  Bureau  of  Stand- 
ards, has  been  assigned  to  the  American  Engineering  Standards  Committee 
succeeding  Dr.  McAllister, 


Mr.  W.  E.  Clement,  commercial  agent  of  the  New  Orleans  Public  Service 
( 'o.,  was  recently  elected  president  of  the  Electrical  League  of  New  Orleans. 


Mr.  Walter  H.  Johnson,  senior  vice-president  of  the  Philadelphia  Electric 
Co.,  was  elected  president  of  the  National  Electric  Light  Association  at  the 
recent  convention  held  in  New  York  City, 


Mr.  Dudley  Farrand,  assistant  to  the  president  of  the  Public  Service 
Corporation  of  New  Jersey,  was  recently  elected  vice-president  in  charge  of 
industrial  relations. 


Mr.  Edwin  I'\  Guth  is  i)resident  of  the  Edwin  I'\  Guth  Company,  a  new 
orgimizatioii  of  tli(>  united  interests  of  the  St.  Ix)uis  Brass  Mfg.  Co.  and  the 
Brascolite  ('o.,  recently  formed  in  St.  Louis,  Mo, 


Prof.  Harris  J.  Hyuri  of  Stanford  T^niversit  \-.  California,  was  »>I(>(t(Ml 
president  of  IIk-  Ariiencan  Ii)stiliif(>  of  i-]|ectrical  Engineers  at  its  annual 
business  njeeting,  held  m  NCw  ^'ork  last  May, 


•Mr.   J.  H.  r'eruunian  lias  reeenlly  i>een  elected   a.s.«istant    treasurer  of  tiio 
Consolidiited  Gas  Co.  of  N«'w  ^ Ork  Cily. 
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Mr.  Franklin  S.  Terry,  chairman  of  the  advisory  board  of  the  National 
Lamp  Works,  Nela  Park,  Cleveland  was  elected  vice-president  of  the  General 
Electric  Company  at  a  meeting  of  the  board  of  directors  held  in  New  York 
City  on  June  22.  1923. 


Mr.  B.  G.  Tremaine,  vice-chairman  of  the  advisory  board  of  the  National 
Lamp  Works,  Nela  Park,  Cleveland  was  elected  director  of  the  General  Electric 
Company  on  June  22,  1923. 


Mr.  Samuel  G.  Hibben  addressed  the  Canadian  Electrical  Association  at 
their  convention  in  Montreal  on  June  22,  1923  upon  the  subject  of  the  in- 
dustrial lighting  codes  and  the  reasons  for  their  adoption  by  the  various  states. 


Mr.  D.  W.  Atwater  presented  an  industrial  lighting  lecture,  explaining 
the  Pennsylvania  legislation,  at  Ridgway,  Pa.,  before  the  industrial  plant 
engineers  of  that  territory. 

GENERAL  OFFICE  NOTES 

The  Code  of  Lighting  Factories  Mills  and  Other  Work  Places  has  been  re- 
printed as  Bulletin  No.  331,  U.  S.  Department  of  Labor,  Bureau  of  Labor 
Statistics.  Copies  of  this  bulletin  can  be  obtained  from  Mr.  Ethelbert 
Stewart,  U.  S.  Commissioner  of  Labor  Statistics,  Washington,  D.  C. 


A  request  to  publish  the  Code  of  Lighting,  Factories  Mills  and  Other  Work 
Places  has  been  granted  M.  Remy  Delauney,  Editor  in  Chief  of  the  Bulletin 
of  Labor  Inspection,  Paris,  France.  It  is  very  gratifying  to  learn  that  a 
translation  of  the  I.  E.  S.  Code  will  appear  in  an  early  issue  of  the  bulletin. 


Transactions  for  October,  November  and  December,  1922,  and  January, 
1923,  are  out  of  print.  Please  advise  the  General  Secretary  of  any  of  these 
issues  for  sale  and  price  will  be  quoted. 


WALSH  PAPER  DISCUSSIONS 

Through  an  inadvertence  a  paper  entitled  "Note  on  the  Integrating 
Sphere  Reflectometer"  by  John  W.  T.  Walsh,  was  printed  in  the  Abstracts 
Section  of  the  May  number  without  an  explanatory  note. 

This  paper  is  being  presented  to  the  membership  under  the  auspices  of 
the  Sub-committee  on  Reflection  Factor  Measurements,  and  this  committee 
invites  written  discussion  of  the  paper  which  will  be  presented  to  Mr.  Walsh 
when  received,  and  the  paper  and  discussions  with  Mr.  Walsh's  rejoinder  will 
be  brought  before  the  convention  at  Lake  George  in  September. 

Discussions  should  be  sent  to  Dr.  Clayton  H.  Sharp,  Chairman,  8oth 
Street  and  East  End  Avenue,  New  York  City. 


ILLUMINATION  INDEX 

Prepared  by  the  Committee  on  Progress. 


An  INDEX  OF  references  to  books,  papers,  editorials,  news  and  abstracts  on  illumi- 
nating engineering  and  allied  subjects.  This  index  is  arranged  alphabetically  according 
to  the  names  of  the  reference  publications.  The  references  are  then  given  in  order  of 
the  date  of  publication.  Important  references  not  appearing  herein  should  be  called 
to  the  attention  of  the  Illuminating  Engineering  Society,  29  W.  39th  St.,  New  York, 
N.  Y. 
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The  Coming  Convention 
at  Lake  George,  N.  Y. 

LAKE  GEORGE,  ''Queen  of  American  Lakes,"  has  been  chosen 
^as  the  place  for  the  1923  Convention  of  the  Illuminating  Engi- 
neering Society.  This  particularly  happ}^  selection  will  afford 
delegates  to  this  year's  meeting  opportunities  to  combine  business 
and  pleasure  amid  incomparable  scenery  and  ideal  climate  with  all 
the  adjuncts  of  diversified  recreation.  The  Convention  dates  are 
September  24  to  28  inclusive.  Special  plans  for  the  entertainment 
of  the  ladies  are  being  made  including  boat  rides  on  the  lake,  bridge, 
dancing,  etc.  An  elaborate  program  of  spectacular  lighting  and 
fireworks  is  also  scheduled. 

The  Fort  William  Henry  Hotel,  Convention  Headquarters,  is 
one  of  the  show  places  of  this  section.  Situated  at  the  south  end 
of  the  lake  it  is  near  the  site  of  old  Fort  William  Henry,  rich  in 
historical  lore  connected  with  the  early  settler  days  and  on  the  site 
of  many  bloody  battles  between  the  white  man  and  the  Indians. 
Lake  Oorge  is  at  an  altitude  of  331  feet  and  is  70  miles  from  Al- 
bany. A  b(»autiful  motor  trip  from  Albany  or  Schenectady  is 
afTorchnl  through  some  of  the  most  imposing  scenery  to  In*  found 
south  of  llie  Adirondacks  proper.  Lake  George  in  fact  is  the 
south(.'rn  gateway  to  the  Adirondack  Mountains. 
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It  is  bordered  on  both  sides  for  miles  of  its  forty  mile  course 
with  high  wooded  hills  and  towering  cliffs.  Dotted  with  many 
islands  and  innumerable  bays,  a  vast  panorama  of  sky,  land  and 
water  greets  the  visitor  from  the  wide  veranda  of  the  hotel  looking 
up  the  lake  to  the  north. 

Lake  George  is  reached  via  the  Delaware  &  Hudson  Railroad 
from  Albany  which  road  also  operates  the  commodius  steamers 
that  ply  up  and  down  the  lake.  At  the  head  of  the  lake  are  the 
ruins  of  famous  Fort  Ticonderoga.  It  is  indeed  a  land  abounding 
in  profusion  of  natural  beauty,  a  land  of  great  scenic  attractions, 
history  and  romance  and  alluring  charm. 

The  Convention  comes  at  a  time  when  the  fuU  glory  of  the 
autumn  foliage  should  be  in  evidence  adding  new  colors  to  a  spot 
which  has  aptly  been  called  a  Summer  Paradise. 

W.  D'A.  Ryan,  Chairman 

1Q23  General  Convention  Committee. 
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The  Year's  Progress  in  Illumination 

^  I  ^HIS  report  by  the  Committee  on  Progress,  presented  on  page 
-■-  583  of  this  issue,  covers  developments,  not  necessarily  improve- 
ments, in  the  whole  field  of  illuminating  engineering  as  reported  in 
the  scientific  and  technical  press.  It  constitutes  what  amounts  to 
an  annual  history  of  the  subject. 

Motor  Vehicle  Regulations 

npHE  Committee  on  Motor  Vehicle  Lighting  in  the  report  for 
A  the  present  year  summarize  their  activities.  Specifications  for 
rear  lamps  have  been  drawn  up  and  adopted,  receiving  the  endorse- 
ment of  the  Society  of  Automotive  Engineers.  The  Headlight ing 
Specifications  have  become  a  tentative  American  Standard.  The 
Conference  of  Motor  Vehicle  Administrators,  consisting  of  the  New 
England,  Middle  Atlantic  States  and  Ohio,  are  approving  head- 
lighting  devices  under  the  Standard  Specifications.  The  Cali- 
fornia Headlight  law  is  the  standard  specifications  with  but  slight 
modification.  International  relationship  has  been  established 
through  the  Committee  Chairman  with  the  International  Commis- 
sion on  Illumination,  and  work  is  in  progress  with  England,  France, 
and  Switzerland.  No  further  change  can  be  made  in  the  Specifica- 
tions except  through  the  Sectional  Committee  of  the  A.  E.  S.  C. 

Pageant  Street  Lighting 

nplIE  advent  of  the  new  spray-colored  or  diffusing  bulb  Mazda 
^  lamps  has  made  possible  some  remarkable  decorative  effects  in 
the  spectacular  lighting  of  streets  for  pageants  and  festivals. 

One  of  the  latest  and  most  striking  of  such  engineering  ac- 
complishments is  described  by  the  author,  being  the  decorations  of 
Washington,  I).  C.,  during  the  National  Shriners*  Convention  of 
June  1923.  This  convention  paper  of  extreme  interest  is  contrib- 
uted by  Mr.  Samuel  (J.  Ilibben  of  the  VVestinghousc  Lamp  Co.  of 
New  York  City. 

5^9 
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Preliminary  Studies  in  the  Response  of  Plants  to  Artificial  Light 

SEVERAL  thousand  vegetable  seedlings  raised  in  flats  and  a 
larger  number  of  flowering  plants  started  from  cuttings,  raised 
in  pots,  were  placed  under  ten  500-watt,  iio-volt  Mazda  C  clear 
lamps  from  March  i,  1923  to  April  4,  1923.  The  lamps  were 
turned  on  at  9  :oo  p.  m.  and  automatically  shut  off  at  2  :oo  a.  m. 
during  the  five  weeks  of  the  test.  In  addition  to  the  artificial  light 
the  plants  were  exposed  to  sunlight.  Check  plants  under  sunlight 
only  were  duplicated  in  size  and  variety.  As  a  result  the  plants 
under  artificial  light  grew  more  rapidly  and  the  flowering  plants 
bloomed  approximately  8  days  earlier  than  the  check  plants.  The 
chemical  tests  show  approximately  the  same  amount  of  chloro- 
phyll in  both  groups  of  plants.  A  progressive  series  of  illustrations 
as  well  as  curves  plotted  on  charts  show  the  remarkable  growth  and 
production  of  forced  plants. 

Light,  one  of  the  most  important  external  factors  in  the  growth 
of  the  plant,  may  in  a  few  years  be  supplied  economically  to  the 
commercial  grower  which  will  mean  that  the  crops,  both  vegetables 
and  flowers  will  be  raised  in  a  shorter  period,  that  there  will  be 
earlier  productions  in  the  spring  and  also  in  the  bringing  of  the 
crops  in  on  scheduled  dates. 

The  author  of  this  paper  Prof.  R.  H.  Harvey  of  University  of 
Minnesota,  has  carried  on  an  investigation  which  will  prove  very 
fruitful. 

Carbohydrate  Production  and  Growth  in  Plants  Under  Artificial  Light 

THE  optimum  conditions  of  light  intensity  for  the  growth  of  a 
great  variety  of  plants  have  been  determined  using  continuous 
artificial  light.  The  intensity  requirements  of  many  plants  is  such 
that  growth  in  artificial  light  alone  is  practicable  in  northern 
regions  where  winter  sunlight  is  low  and  unreliable.  Plants  such 
as  Easter  Lilies  can  be  speeded  up  in  time  of  blooming  to  bring 
them  into  the  market  at  a  certain  date.  The  use  of  artificial  light 
makes  it  possible  to  force  blooming  of  two  varieties  at  the  same 
time  so  that  hybrids  may  be  more  easily  produced.  There  is  a  cor- 
relation between  the  intensity  of  continuous  illumination  and  the 
quantity  and  nature  of  the  carbohydrates  produced  in  photo- 
synthesis. The  production  of  male  or  female  flowers  by  some  dio- 
ecious plants  is  dependent  upon  light  intensity. 
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This  convention  paper  is  a  result  of  an  investigation  conducted 
at  Columbia  University  under  the  direction  of  Prof.  Hugh  Findlay 
and  should  be  extremely  interesting  to  layman  as  well  as  the 
illuminating  engineer. 

Some  Experiments  on  the  Speed  of  Vision 

nr^HE  question  of  the  time  required  for  light  to  make  an  adequate 
^  visual  impression  has  recently  become  of  fundamental  interest 
to  industrial  lighting. 

This  ''time  of  impression"  will  depend  upon  many  conditions  of 
vision,  such  as:  (a)  the  size  and  distance  of  the  object;  (b)  its 
brightness  compared  with  that  of  its  backgrounds;  (c)  the  general 
level  of  brightness;  (d)  whether  vision  of  form  is  necessar>%  or  the 
simple  "picking-up"  of  the  object,  and;  (e)  the  reduction  in  effec- 
tiveness of  the  image  of  the  object  due  to  images  of  other  objects 
seen  immediately  before  and  after  it. 

The  working  out  of  a  complete  law  of  the  "speed  of  vision"  will 
be  a  tremendous  task,  when  representative  variations  of  each  of 
these  factors  have  been  considered.  The  present  paper  is  a  contri- 
bution to  this  work,  and  shows  in  what  way  the  speed  of  impression 
of  the  eye  changes  with  change  in  the  brightness-level,  under  vari- 
ous conditions  as  to  the  size  of  the  test-object,  as  to  the  necessity 
for  seeing  form  as  against  the  simple  recognition  of  the  presence  of 
the  object,  and  as  to  the  presence  or  absence  of  confusion  due  to 
the  images  of  other  objects  seen  immediately  before  and  after  the 
test-object. 

Dr.  Percy  W.  Cobb  has  contributed  an  interesting  paper,  which 
is  of  value  to  industry  at  large. 

Depreciation  of  Lighting  Equipments  Due  to  Dust  and  Dirt 

TN  this  convention  paper  Mr.  10.  A.  AndcMson  s(^t  forth  a  report 
-^  of  tests  under  service  conditions  to  dc^terniine  the  rehitive  de- 
preciation or  loss  in  eflicicMicy  of  hghting  (Hjuipnients  due  to  th(^ 
accunnilation  of  (hist  and  diit .  ( 'omparison  tests  were  made  under 
forced  rates  of  dirt  accumuhition  in  an  effort  to  determine  the 
feasil)ility  of  ()l)taining  (piiek  comparisons  b(Mween  the  dc^preeia- 
tion  rates  of  dilTerent  e(juipinents.  Consideration  of  the  possil>ih- 
ties  of  a  simple  comparison  standard  for  predicting  depreciation 
rates  in  a  particular  installation  is  included. 
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Further  Studies  of  the  Effect  of  Composition  of  Light  on  . 
Important  Ocular  Functions 

IN  a  paper  presented  to  this  Society  in  192 1  results  were  given 
showing  the  eye's  acuity,  speed  of  discrimination,  and  power  to 
sustain  acuity  for  spectrum  Ughts  of  a  high  degree  of  purity,  made 
equal  photometrically  at  the  test  surface.  The  efficiency  of  the  eye 
with  regard  to  these  three  important  functions  was  found  to  be 
greater  in  the  mid  region  of  the  spectrum  than  towards  either  end. 
Spectrum  lights  equalized  as  to  brightness,  however,  show  a  con- 
siderable difference  in  saturation.  It  became  important,  therefore, 
to  determine  whether  the  difference  in  the  results  obtained  should 
be  ascribed  to  differences  in  saturation  or  whether,  for  example, 
some  hues  are  more  favorable  than  others  as  a  background  for  the 
discrimination  of  black  test  letters  or  printed  characters.  In  the 
present  investigation  the  spectrum  lights  were  equalized  both  as  to 
saturation  and  luminosity  and  the  tests  repeated  for  the  same  ob- 
servers. An  advantage,  not  so  great  but  still  considerable,  was 
found  for  lights  in  the  mid-region  of  the  spectrum. 

The  investigation  was  supplemented  by  the  fatigue  test  used  in 
our  earlier  investigations.  That  is,  the  power  to  sustain  a  acuity 
was  obtained  before  and  after  three  hours  of  reading  with  the  page 
illuminated  by  red,  yellow,  green,  and  blue  filtered  lights  (dipped 
lamps),  equalized  in  luminosity  and  saturation  at  the  point  of  work. 
A  comparison  of  the  results  before  and  after  reading  shows  that 
the  eye  held  its  power  to  sustain  clear  seeing  best  under  the  yellow 
Hght.  The  test  surface  and  reading  page  were  illuminated  by  the 
same  light  and  were  carefully  matched  for  each  color  in  hue, 
saturation  and  brightness.  A  spectrophotometric  analysis  was 
made  of  the  light  reflected  from  the  reading  page.  The  yellow 
light  was  found  by  test  also  to  show  the  least  tendency  to  produce 
discomfort. 

This  convention  paper  is  a  continuation  of  a  series  of  studies  by 
the  well  known  authorities.  Dr.  C.  E.  Ferree,  and  Dr.  Gertrude 
Rand  of  Bryn  Mawr  College. 

Artificial  Illumination  in  the  Iron  and  Steel  Industry 

THE  convention  paper,  by  Mr.  W.  H.  Rademacher,  describes 
an  interesting  phase  of  illuminating  engineering. 
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During  the  last  decade  the  application  of  artificial  light  in  the 
Iron  and  Steel  Industry  has  undergone  marked  changes  with  a 
distinct  trend  toward  betterment.  The  modern  incandescent  lamp 
has  rapidly  displaced  other  forms  of  illuminants  and  in  conjunc- 
tion with  modern  reflecting  equipment  is  today  recognized  stand- 
ard. Altho  much  of  the  work  involved  in  this  industry  is  of  a 
rough  nature  and  does  not  necessitate  lighting  intensities  of  a 
relatively  high  magnitude,  the  requirements  are  nevertheless  far 
from  important.  Chief  among  the  credits  to  the  account  of  modern 
lighting  are  safety  insurance  and  the  twenty-four  hour  day,  at- 
tended by  the  successful  coping  with  keen  competition  and  the 
affection  of  economies  in  production. 

The  selection  and  application  of  equipment  for  the  various 
areas  embraced  in  plant  structure  are  exceptionally  important 
problems,  dictating  as  they  do  the  success  or  failure  of  the  resultant 
illuminating  effect. 

In  this  paper  the  requirements  of  the  various  sections  and  oper- 
ations are  treated  in  detail,  recommendations  being  offered  as  to 
the  best  practice.  Photographs  illustrating  the  application  of  the 
modern  principles  discussed  accompany  the  text. 

Railway  Car  Lighting 

'TpIIE  subject  of  Railway  Car  Lighting  is  treated  in  an  excellent 
^  manner  by  Mr.  G.  E.  Hulse.  Limitations  encountered  in  the 
problem  of  supplying  illuminations  to  cars.  Amount  of  energy 
available  limited,  due  to  car  being  on  the  move.  Position  of  light- 
ing fixtures  determined  by  car  construction,  preventing  flexibility 
in  i)lHcirig  units. 

Maintenance  of  reflecting  and  transmitting  surfaces  more  diffi- 
cult than  in  most  other  situations. 

Means  of  Lighting — 

Gas — incandescent  mantle. 

Electricity — axle  driven  generator  with  storage  battery. 
Standardization  of  Car  Illumination — 

Tlu'  posfiil  car  h'gliting  tests  of  i()i2  dcterniinrd  and  standard- 
ized. 

Tlu'  uMioiint  of  ilhnninatiun  necessary  for  postal  clerks  to 
properly  handle  mail. 
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The  types  of  reflectors  best  suited  for  such  use. 

Based  on  these  test  results,  the  Railway  Mail  Service  issued 
specifications  for  lighting  of  postal  cars,  giving  definite  values  for 
their  illumination  and  other  details,  such  as  mounting  height  of 
lamps,  and  angle  of  cut-off. 

These  specifications  can  be  applied  without  the  necessity  of 
further  investigation,  in  the  case  of  the  change  in  interior  design  of 
postal  cars,  the  type  of  reflector  available,  or  the  type  of  light 
source  available. 

Coach  Lighting  Tests  of  1913 — 

Determined  the  amount  of  illumination  obtained  with  the  pos- 
sible arrangements  of  fixtures,  and  the  available  types  of  reflectors, 
bowls  and  lamps. 

The  results  of  these  tests  are  still  in  use  as  the  basis  for  designing 
lighting  installations  in  practically  all  classes  of  cars. 
Arrangements  of  Fixtures  for  Various  Types  of  Cars,  and  the  Result- 
ing Illujnination — 

Coaches,  Dining  cars.  Sleeping  cars,  Postal  cars,  Business  cars, 
Baggage  cars,  Parlor  Smoking  cars. 

Types  of  Glassware  Used  and  the  Efficiency  of  Installation  with  this 
Glassware. 

Illumination  values  obtained.  The  illumination  obtained  runs 
lower  than  illumination  values  used  in  office  or  factory  installations, 
but  seems  to  be  ample  for  the  conditions  under  which  it  is  used. 

Daylighting  from  Windows 

THIS  convention  paper,  by  Messrs.  H.  H.  Higbee  and  G.  W. 
Younglove  appeals  to  the  architect  as  well  as  the  illuminating 
engineer. 

The  purpose  of  this  paper  is  to  present  a  considerable  amount 
of  experimental  data  covering  various  points  of  practical  import- 
ance and  great  interest  with  respect  to  daylighting  of  interiors, 
upon  which  actual  and  detailed  quantitative  information  appears 
to  be  meagre.  The  investigations  which  yielded  these  data  are  still 
in  progress,  so  it  is  deemed  unwise  to  draw  conclusions  yet.  The 
data  here  presented  cover  actual  utilization  co-efficient  for  typical 
daylight  illuminations,  together  with  curves  and  co-eflftcients  repre- 
senting distribution  of  the  day  fight  under  a  variety  of  conditions; 
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also,  data  on  the  effect  of  width  of  mullions  or  columns  between 
windows  upon  distribution  of  illumination  in  the  room,  on  the 
relative  effect  and  efficienc}-  of  light  from  various  portions  of  the 
window  area,  on  the  effect  of  various  methods  of  controlling  the 
light  from  windows  by  means  of  shades  and  bUnds,  and  on  the 
effect  of  dirt  accumulations  on  windows. 

Salient  Features  in  Power  Station  Lighting 

IN  a  paper  to  be  presented  at  the  17th  Annual  Convention,  Mr. 
R.  A.  Hopkins  discusses  some  interesting  problems  pertaining 
the  central  stations. 

Unusual  problems  are  met  in  the  lighting  of  power  stations  on 
account  of  individual  arrangements  of  equipment,  severe  service 
conditions  and  exacting  requirements.  The  successful  lighting 
system  must  be  reliable,  economical,  easy  to  maintain  and  ade- 
quately suited  to  the  specific  local  requirements  which  requirements 
are  found  to  differ  throughout  the  station.  The  most  reliable  and 
economical  source  of  energy  is  usually  the  station  auxiliary  bus. 
The  distribution  wiring  should  be  of  the  particular  quality  best 
suited  to  meet  power  station  conditions  and  should  be  designed  to 
give  the  best  possible  voltage  regulation  consistent  with  economy. 
An  emergency  lighting  system  should  be  provided  and  of  several 
possible  arrangements  the  one  giving  greatest  dependability  should 
be  selected.  All  equipment  such  as  cabinets,  switches,  receptacles, 
lamps,  globes,  shades  and  reflectors  should  be  carefully  selected  to 
give  maximum  operating  convenience,  long  life  and  high  efficiency. 
A  thorough  survej'  of  a  large  number  of  existing  first-class  power 
stations  gives  data  for  the  solution  of  a  number  of  typical  station 
illumination  problems  so  selected  that  the  designing  engineer  may 
extend  tiie  data  and  conclusions  given  to  meet  the  requirements  of 
any  ordinary  station. 

Working  with  the  Architect  on  Difficult  Lighting  Problems 

IN  this  paper,  the  authors,  Messrs.  Augustus  D.  Curtis  and  J.  L. 
Stair,  have  contril)ut('(l  soin(»  interesting  problems  that  appeal 
to  the  engineer  as  well  as  the  architect. 

T\iv  cost  for  the  lighting  of  a  building  is  not  repres(»nt(Mi  by  the 
cost  of  the  hiininaires,  but  is  measured  by  the  satisfactory  char- 
acter of  the  illumination  effects  produced  in  tlu*  huiUling. 
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The  necessity  for  early  consultation  between  the  architect  and 
the  lighting  man  in  the  planning  of  the  lighting  features  of  a  build- 
ing is  emphasized  as  well  as  the  responsibility  of  the  lighting  man 
in  developing  in  himself  an  appreciation  of  architectural  values  so 
as  to  most  intelligently  work  with  his  architectural  colleague. 

Some  specific  examples  of  difficult  lighting  problems  are  given 
to  illustrate  some  of  the  advantages  to  be  derived  by  considering 
the  lighting  as  a  component  part  of  the  structure. 

The  Relation  of  Illumination  to  Production 

THIS  convention  paper  by  Messrs.  D.  P.  Hess  and  Ward  Har- 
rison is  a  report  of  extensive  tests  on  the  time  required  for  the 
inspection  of  parts  of  roller  bearings  under  various  levels  of  illum- 
ination from  5  to  20  foot-candles.  Over  7,000,000  separate  pieces 
of  material  were  inspected  during  the  test  period.  The  types  of 
lighting  employed  as  well  as  the  illumination  levels  were  found  to 
have  an  important  bearing  on  the  output  of  the  department.  Cost 
data  on  the  lighting  and  the  value  of  increased  production  are  in- 
cluded in  the  paper. 

Some  Principles  Governing  the  Proper  Utilization  of  the  Light  of 

Day  in  Roof  Fenestration 

THE  light  of  day  is  usually  considered  a  wholesome  and  vital 
requirement  in  our  buildings.  But  it  often  needs  modification, 
especially  with  regard  to  direct  sunlight. 

Sources  of  daylight  with  which  the  architect  has  to  work  are 
briefly  described  as  regards  their  intensity,  direction  and  seasonal 
and  diurnal  variation. 

The  usual  requirements  for  natural  illumination  are  outlined 
and  some  of  the  general  principles  governing  the  utilization  of  the 
latter  in  roof  fenestration  set  forth — the  entering  daylight  being 
analyzed  as  consisting  of: 

(a)  Sunlight  directly  admitted  to  the  working  space. 

(b)  Light  from  the  sky  only,  directly  admitted  to  the  working 
space. 

(c)  Combined  light  from  sun  and  sky  (or  from  portions  of  the 
sky  alone)  diffusely  reflected  from  adjacent  interior  or  exterior 
surfaces. 
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Methods  of  evaluating  each  are  described,  and  examples  worked 
out  for  certain  usual  types  of  roof  fenestration, — these  being  divid- 
ed into  the  two  following  general  classes: 

Class  I.  The  one  way  type  in  which  the  directly  entering  light 
comes  largely  from  a  single  half  or  side  of  the  ''sky  dome." 

Class  2.  The  two  way  or  opposed  type  in  which  the  directly 
entering  light  comes  from  both  halves  or  sides  of  the  "sky  dome." 
Horizontal  roof  openings  may  be  considered  as  an  extreme  of 
Class  2. 

Some  of  the  advantages  and  disadvantages  of  each  class  are 
summarized. 

The  interesting  treatment  of  the  use  of  daylight  is  contributed 
by  Mr.  W.  S.  Brown. 

Proposed  Revised  Code  of  Lighting  School  Buildings 

TPIE  Preliminary  Draft  of  the  Proposed  Revised  Code  of  Light- 
ing School  Buildings  will  be  presented  before  the  Annual  Con- 
vention at  Lake  George.  It  is  hoped  that  a  complete  discussion  of 
this  Code  will  be  contributed  b}^  the  members  present.  The  Com- 
mittee on  Lighting  Legislation,  L.  B.  Marks,  Chairman,  and  the 
Sub-Committee  on  School  Lighting,  M.  Luckiesh,  Chairman  have 
assisted  in  the  work  of  preparing  this  draft. 

The  present  revision  of  the  Society's  Code  of  Lighting  School 
Buildings  is  being  carried  out  under  the  rules  of  procedure  of  the 
American  Engineering  Standards  Committee  under  the  joint 
sponsorship  of  th(*  Illuminating  l]ngineering  Society  and  the  Amer- 
ican Institute  of  Architects. 

Since  the  code  was  originally  issued  in  1018,  changes  in  light- 
ing practice  have  made  necessary  a  revision  of  the  rules  and 
standards  previously  adopted.  Moreover  there  has  \wvu  an  in- 
sistent demand  by  school  architects,  school  superintendents  and 
others  identificMl  with  the  ligliting  of  school  buildings  for  more 
definite  specifications  in  n^gard  to  both  natural  and  artificial 
illumination. 

The  present  revision  aims  to  bring  the  code  up  to  date  and  to 
modify  and  amplify  th(*  rules  and  text  in  accordance*  with  experi- 
ence gained  since  the  original  code  was  issued. 
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In  the  proposed  revision  the  code  is  divided  into  three  parts: 
(i)  Rules;  (2)  Why  the  fulfillment  of  the  rules  is  important;  (3) 
How  to  comply  with  the  rules. 

There  are  eight  rules  as  in  the  original  draft. 

The  standards  of  illumination  required  have  been  raised  con- 
siderably and  specifications  of  definite  requirements  under  the  rule 
relating  to  glare  have  been  added  following  the  precedent  set  in  the 
Code  of  Lighting  Factories,  Mills  and  Other  Work  Places 
(American  Standard) .  A  limiting  ratio  of  maximum  to  minimum 
illumination  has  been  set  in  the  rule  relating  to  the  distribution  of 
artificial  light.  Reflection-factors  are  specified  in  the  rule  relating 
to  color  and  finish  of  interior.  The  rule  relating  to  exit  and  emer- 
gency lighting  has  been  made  more  specific  and  is  based  upon  the 
specifications  adopted  by  the  Building  Exits  Code  Committee  of 
the  A.  E.  S.  C.  The  subject  of  blackboards  is  treated  in  a  separate 
rule. 

Unit  Costs  of  Industrial  Lighting 

TN  a  paper  to  be  presented  at  the  coming  Convention,  Mr.  Davis 
-^  H.  Tuck  of  the  Holophane  Glass  Co.  of  New  York  states  that 
the  cost  of  an  industrial  lighting  system  may  be  divided  into  two 
parts,     (a)  Installation  Cost,  (b)  Operating  Cost. 

By  unit  cost  is  meant  the  cost  per  unit  of  light.  The  unit 
adopted  is  the  footcandle  per  square  foot  and  the  unit  cost  is  in 
cents  per  foot  candle  per  square  foot. 

Unit  costs  of  installation  and  operation  of  various  actual 
systems  of  lighting  in  industrial  plants  are  shown.  The  value  of 
unit  costs  is  in  comparing  the  economy  of  installation  and  operating 
costs  of  various  types  of  lighting  and  in  arriving  at  a  quick  estimate 
of  the  cost  of  any  industrial  lighting  installation  when  the  area  to 
be  illuminated,  the  foot  candle  intensity  to  be  obtained  and  the 
type  of  equipment  to  be  used  is  known. 

By  a  study  of  the  factors  entering  into  the  unit  costs  of  in- 
stallation and  operation,  it  has  been  possible  to  materially  decrease 
both  the  installation  and  operating  costs  without  sacrificing  the 
quality  of  the  light. 

Colored  Lighting 

COLORED  lighting  has  assumed  a  very  important  position  in 
illuminating  engineering  in  recent  years.     However,  many 
people  are  uninformed  as  to  the  methods  of  obtaining  color  in  light- 


REFLECTIONS  579 

ing,  and  the  media  which  are  available.  In  this  paper  the  spectral 
limits  of  the  various  colors  are  given  also  the  relative  luminosity  of 
the  various  portions  of  the  spectrum  from  a  150  or  200-watt  gas- 
filled  lamp.  The  characteristics,  advantages  and  disadvantages  of 
various  colored  media  are  discussed.  These  media  include  colored 
glass  lamps  colored  glass  accessories,  gelatine  filters,  and  colored 
lacquers  and  spray  coatings  for  lamp  bulbs.  The  transmission 
factors  of  many  samples  of  such  media  have  been  measured,  and 
are  given  in  this  paper.  The  data  show  that  many  of  these  colored 
media  are  much  less  efficient  than  they  could  be  in  order  to  produce 
satisfactory  colors.  The  need  for  standardization  be  of  such  media 
is  very  evident  from  the  data  given.  Two  examples  of  recent  large 
installations  of  colored  lighting  are  described,  with  connected-load 
data.    A  bibliography  of  colored  lighting  is  also  included. 

This  interesting  convention  paper  is  contributed  by  Messrs.  M. 
Luckiesh  and  A.  H.  Taylor  of  the  National  Lamp  Works  of  Cleve- 
land, Ohio. 

The  Determination  of  Daylight  Intensity  at  a  Window  Opening 

THIS  convention  paper  by  H.  H.  Kimball,  briefly  reviews  the 
Sphotometric  measurements  of  sky  brightness,  and  the  deter- 
minations of  the  intensity'  of  daylight  on  horizontal,  vertical,  and 
sloping  surfaces,  which  are  given  in  full  in  the  reports  of  the  Com- 
mittee for  192 1  and  1922.  Most  of  the  measurements  were  made 
in  a  comparatively  smoke-free  suburb  of  Washington,  but  some 
were  made  in  a  smoky  section  of  the  City  of  Chicago. 

A  method  of  determining  the  extent  of  the  shading  of  window 
openings  by  neighboring  l)uil(lings,  first  given  in  the  report  for  i()2  i , 
is  reviewed  and  extended.  Tlie  advantage  of  laying  out  cities  so 
that  the  streets  run  NE-SE  instead  of  E-W  and  N-S,  is  pointed 
out. 

Determinations  of  the  reflecting  ])ower  of  surfaces  of  difl'erent 
kinds,  and  photometric  measunMuents  of  tiieir  brightness  under 
l)otli  cloudy  and  clear-sky  conditions,  are  also  suinniariz(Ml. 

The  (lata  thus  brought  together,  namely,  the  brightness  of  tlu^ 
fiky,  the  intensity  of  daylight,  the  shading  elTcvt  of  ni^ir-by  build- 
ings and  ot  her  objects,  and  the  reflect  ing  power,  oi*  the  l)right  n(\ss, 
of  dilTerent  surfaces,  is  utilized  to  coiniJUte  the  intensity  oi  day- 
light at  a  window  opening  nndei'  gixcn  conditions. 
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Recent  Developments  in  Nomenclature  and  Standards 

THIS  report  of  the  Committee  on  Nomenclature  and  Standards 
sets  forth  the  progress  made  during  the  year  in  the  revision  of 
the  ''Illuminating  Engineering  Nomenclature  and  Photometric 
Standards"  previously  prepared  b}^  the  Committee  and  approved 
as  American  Standard  by  the  American  Engineering  Standards 
Committee.  This  revision  has  been  carried  out  with  a  view  to 
making  the  recommendations  of  the  Committee  practicable  and 
applicable  in  the  everyday  work  of  the  illuminating  engineer.  In 
accordance  with  this  purpose  the  report  presents  for  consideration 
several  questions  on  which  it  is  desired  to  have  discussion  and  the 
advice  of  those  interested  before  a  final  decision  is  reached. 

Among  these  questions  are  the  definition  of  the  terms  "light" 
and  "lighting,"  the  matter  of  "brightness"  and  the  units  to  be 
used  in  measuring  it,  and  the  use  of  the  term  "luminaire."  The 
Committee  will  be  glad  also  to  receive  any  suggestions  supple- 
menting the  discussion  presented  at  the  Convention. 

Testing  Colored  Material  for  Fastness  to  Light 

IN  this  convention  paper  the  author,  Mr.  H.  S.  Thayer  des- 
cribes a  series  of  experiments  on  various  colored  materials  ex- 
posed to  light  sources  of  different  kinds.  A  number  of  illustrations 
are  used,  consisting  of  comparisons  spectra  of  the  sun,  the  mercury 
arc,  and  the  violet  carbon  arc,  and  also  the  commercial  form  of  the 
violet  carbon  arc. 

Several  tables  of  interesting  data,  and  one  set  of  curves  show- 
ing variations  in  the  intensity  of  sunlight  with  time  of  lay  and  sea- 
son of  year,  are  included. 

Solutions  of  a  Street  Lighting  Problem 

APPROXIMATELY  three  months  ago  a  letter  with  a  question- 
-^^  naire  and  a  blue  print  of  the  plan  and  photograph  of  the 
street,  were  sent  to  a  selected  list  of  representative  street  lighting 
specialists  throughout  the  country.  Eleven  solutions  of  the 
problem  were  received  which  are  incorporated  in  this  symposium 
and  should  serve  as  a  basis  for  discussion.  These  answers  were 
coordinated  by  the  Papers  Committee  in  order  that  a  uniform 
presentation  might  be  made.  The  essential  data,  however,  is 
given  exactly  as  submitted. 
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The  Visibility  of  Radiant  Energy 

A  NEW  determination  of  visibility  of  radiant  energy  has  been 
^  ^  made  by  the  Bureau  of  Standards  in  co-operation  \N4th  the 
Nela  Research  Laboratories.  The  step-by-step  method  was  used, 
an  equahty-of-brightness  method  with  httle  or  no  hue  difference  in 
the  two  parts  of  the  photometric  field.  The  apparatus  and  method 
are  briefly  described.  Energy  values  were  based  upon  radiometric 
and  spectrophotometric  measurements  made  at  the  Bureau,  check- 
ed by  an  independent  color  temperature  measurement  at  the 
Nela  Research  Laboratories. 

Comparisons  are  made  between  the  results  of  the  present  in- 
vestigation and  those  previously  obtained  by  the  step-by-step  and 
flicker  methods.  A  revision  of  the  L  E.  S.  adopted  visibility  values 
is  proposed  which  results  in  better  agreement  with  the  average  ex- 
perimental data  and  still  gives  the  same  wave-length  center  of 
gravity  for  light  of  a  color  temperature  of  207 7 °K  as  is  given  by 
Ives's  physical  photometer  solution. 

This  convention  paper  by  Messrs.  K.  S.  Gibson  and  E.  P.  T. 
Tyndall  will  be  equally  interesting  to  the  illuminating  engineer  as 
the  physicist  and  is  a  valuable  contribution  to  the  present  hter- 
ature. 

Electric  Lights  Advance  Plant  Blooming  and  Seed  Time 

A  yiOLETS  in  July,  poinsettas  in  August,  midwinter  irises, 
^  dahlias  in  May,  radishes  that  do  not  seed,  cosmos  fifteen  feet 
tall  and  other  similar  miracles  are  being  produced  by  the  United 
States  Bureau  of  Plant  Industry  as  a  result  of  recent  experiments 
and  discoveries  of  the  laws  of  plant  growth,  according  to 
L.  E.  Theiss  in  World's  Work, 

Plants  bloom  and  fruit  solely  in  response  to  the  length  of 
daylight  occurring  at  their  normal  seasons  of  maturity,  and  by 
using  electric  lights  to  increase  the  number  of  light-hours  until 
they  correspond  with  the  number  of  hours  of  sunlight  at  the 
8ea.son  of  a  given  phmt's  time  of  blooming,  the  plant  will  bring 
forth  blossoms,  regardless  of  the  tini(>  of  year.  Conversely,  if  tlii^ 
long  days  of  midsummer  arc  made  shorter  by  j)utting  the  plant 
into  a  dark  place  after  a  given  number  of  hours  of  daylight,  the 
plant  will  bloom  out  of  season  if  its  normal  tinu'  of  blossoming 
Ih  one  of  natural  short  days. 
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Working  with  this  knowledge,  the  experts  of  the  Bureau  have 
caused  plants  to  blossom  at  all  seasons  of  the  year;  they  have 
advanced  and  retarded  the  fruition  of  vegetables,  and  by  synchro- 
nizing the  blooming-times  of  flowers  and  plants  that  normally 
bloom  months  apart,  they  have  opened  a  new  field  for  cross- 
breeding and  development  of  hitherto  unknown  species. 

The  value  of  these  discoveries  lies  in  the  future,  according  to 
Mr.  Theiss,  who  cites  experiments  with  tobacco  as  showing  their 
commercial  importance. 

Maryland  Mammoth  tobacco  seedlings  grown  in  hot-houses 
in  Maryland,  where  the  winter  days  are  short,  flower  when  they 
are  no  larger  than  other  tobacco  plants.  Artificial  lengthening 
of  the  daylight  hours  produced  plants  that  reached  the  desired 
mammoth  proportions  before  seeding,  and  further  experiments 
showed  that  if  the  plants  were  grown  in  Florida  in  winter,  the 
light  periods  and  climate  were  favorable  both  for  growth  and 
seed  production.  In  other  words,  the  electric  lights  showed  the 
way  for  cheap  and  abundant  Florida-grown  seed. 

''New  crops,  new  things  to  eat,  that  are  now  non-existent 
and  even  undreamed  of,  will  as  assuredly  come  as  daylight  follows 
dawn,"  writes  Mr.  Thiess.  ''Things  we  can  hardly  even  imagine, 
will  come  from  these  discoveries  of  why  plants  flower  and  produce 
fruit." 
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1923  REPORT  OF  THE   COMMITTEE  ON  PROGRESS 


"A  man  may  proceed  on  his  path  in  three  ways:  he  may  grope 
his  way  for  himself  in  the  dark;  he  may  he  led  by  the  hand  of  another, 
without  himaelf  seeing  anything;  or,  lastly  he  may  get  a  light  and  so 
direct  his  steps." 

— Francis  Bacon's  "De  Dignitate  et  Augumentis  Scientarium" 


The  world  of  chemistry  has  been  stirred  this  year  by  the  an- 
nouncement of  the  discovery  of  a  new  element  called  "hafnium," 
which  by  reason  of  its  position  in  the  periodic  table  next  to  the 
rare  earths  may  prove  to  be  a  factor  in  the  great  field  of  light  emis- 
sion. The  confimation  of  Einstein's  theory  of  relativity  by  data 
obtained  at  the  last  eclipse  registers  another  triumph  for  astron- 
omy and  food  for  thought  for  the  physicists.  But,  while  a  large 
amount  of  experimental  research  work  has  been  going  on  in  those 
fields  in  which  the  illuminating  engineer  is  most  interested,  and 
considerable  additions  have  been  made  to  the  store  of  special 
knowledge  in  these*  fields,  no  new  light  source  has  flashed  across 
the  horizon,   nor  have   there   been  any  radical  changes  in  the 

•A  R«'pc)rt  to  hi-  prciw-ntod  hrforc  th<«  Annual  Convi-ntion  of  tht>  IlluininHtinK  KnKinooring 
Society,  I.iikc  (Irorm-,  N.  Y.,  S«'ptrinl)«'r  2.j-i8,  lyjj.  Tlu>  Pupcru  and  I)iHcu»«ionH  included 
in  our  TranMu<ti(jn«  urr  not,  in  Ki-nrnil,  rt'frrrod  to  in  thin  Ui'port,  it  b<<ini{  t.'ikon  for  grant«d 
that  nicnibcra  kfop  thi'mni'lvcn  udviacd  of  tlio  coDteutA  of  llu>  TrunsuctiouM. 

Tlio  IlluminnlinK  Kngint*4*ring  Society  in  not  r«<Hponiiiblc  for  tho  Htntemcnts  or  opiniono 
advaoced  by  contributors. 
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efficiencies  of  the  light  sources  in  use  at  present  or  in  the  general 
principles  and  methods  of  illuminating  engineering. 

The  phenomena  of  the  arc  in  gases  and  metallic  vapors  have 
attracted  the  attention  of  many  investigators  and  apparently 
afford  great  opportunities  for  the  study  of  those  fundamental  prob- 
lems which  lie  at  the  very  basis  of  molecular  and  atomic  structure 
and  hence,  of  the  explanation  of  matter  itself.  A  number  of  ref- 
erences to  work  in  this  field  will  be  found  under  the  heading  "Arc 
and  Vapor  Tube  Lamps". 

,  The  physiological  action  of  light  both  from  the  standpoint  of 
vision  and  from  that  of  therapy  and  biology  has  also  received  some 
attention.  Hardly  a  year  passes,  and  this  year  is  no  exception, 
which  does  not  produce  a  new  theory  of  vision,  while  the  study  of 
the  eye  and  the  mechanism  of  seeing  continues  unabated. 

Though  tables  of  recommended  foot-candle  values  have  been 
available  for  sometime  for  almost  all  cases  of  interior  illumination, 
such  as  school  lighting,  store  lighting,  factory  lighting,  etc.,  little 
of  a  classified  character  has  been  heretofore  published  on  values 
for  street  lighting.  This  deficit  has  now  been  filled  for  streets  of 
cities  up  to  100,000  population.  The  entire  table  is  too  extensive  to 
reprint  in  the  report,  but  may  be  found  in  the  original  publication. 
The  great  strides  made  in  public  appreciation  of  streetlighting  are 
apparent^  when  one  reads  the  following  taken  from  a  New  Eng- 
land paper  of  18 16,  said  to  represent  the  most  serious  public 
thought  of  that  date;  ''(i)  A  theological  objection. — Artificial 
illumination  is  an  attempt  to  interfere  with  the  Divine  plan  of  the 
world  which  had  pre-ordained  that  it  should  be  dark  during  night- 
time. (2)  A  medical  objection. — Emanations  of  illuminating  gas 
are  injurious.  Lighted  streets  will  incline  people  to  remain  late 
out  of  doors,  thus  leading  to  increase  of  ailments  by  colds.  (3)  A 
moral  objection. — The  fear  of  darkness  will  vanish,  and  drunken- 
ness and  depravity  increase.  (4)  Police  objection. — Horses  will  be 
frightened  and  thieves  emboldened.  (5)  Objection  from  the 
people. — If  streets  are  illuminated  every  night,  such  constant 
illumination  will  rob  festive  occasions  of  their  charm." 

'Gas  Journal,  Aug.  2,  1922,  p.  270. 
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The  experiments  and  investigations  on  the  effect  on  production 
in  various  industrial  processes  of  increased  illumination  are  be- 
ginning to  show  results  in  a  quite  general  tendency  toward  higher 
illumination  values  in  recent  installations  for  the  lighting  of  shops 
and  factories.  Additional  data  have  been  obtained  in  this  field 
and  are  noted  in  the  report.  A  very  encouraging  sign  is  the 
awakening  of  the  Government  Post  Office  Department  to  the 
importance  of  lighting  as  indicated  by  the  extensive  study  of 
lighting  conditions  in  post  offices,  mentioned  in  the  section  on 
interior  illumination.  The  duration  and  apparent  thoroughness  of 
the  tests  give  considerable  weight  to  the  conclusions  and  recom- 
mendations which  may  be  found  applicable  to  interiors  in  other 
lines  of  business  where  conditions  are  correlative. 

Further  encouragement  is  to  be  found  in  a  closer  cooperation 
between  the  luminaire  industry  and  the  architects'  guild.-  Two 
representatives  of  the  National  Council  of  Lighting  Fixture  Manu- 
facturers have  been  appointed  on  the  Structural  Committee  of  the 
American  Institute  of  Architects.  They  will  work  on  lighting  in 
connection  with  plans  for  dwellings.  In  England,  a  paper  on 
"Illuminating  Engineering  and  the  Architect"  was  read'  before  the 
Royal  Institute  of  British  Architects  last  fall  in  which  the  benefits 
to  be  derived  from  fuller  cooperation  between  these  two  branches 
of  engineering  are  strongly  emphasized. 

In  the  past  the  "cost  of  living"  statistics  published  in  Canada^ 
have  been  misleading  in  that  part  referring  to  lighting,  because 
heating  data  have  been  included.  Hereafter,  th(\se  items  will  be 
s('j)arate(i  and  the  result  will  show  a  decrease  in  the  average  cost 
of  fighting,  p(T  family,  since  1914.  (^leneral  statistics  showing  the 
extent  of  electric  lighting  both  for  residential  and  industrial  pur- 
poses in  \\\v  United  States  and  the  world  at  large  have  hwn  miidc 
available.' 

The  pjussing  of  the  old  cable  ship,  "Faraday",  nu-alls  \\\v  fact^ 
that  it  was  one  of  tlic  first  shijis  to  use  electric  lighting.    Arc  lamps 

'Lighting  Fixturca  and  Lighting,  Dec.  igaa,  p.  i8. 
•FIrrtrirril  Ilrvirw.  I)rr.   i,  lyjj,  p.  840. 
*KI«Ttrirul  Worhl,  Jun«>  jo,  lyaj,  p.  1540. 
*KI«Ttrirnl  M<-rrhriti(iiFiitiK,  I'VI).   igjj,  p.  jo83. 
*Klf«tririiiii,  Mnr.  u,  lyjj,  p.  250. 
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were  employed  for  this  purpose  when  the  French  Atlantic  cable 
was  being  laid  in  1879. 

At  several  places  in  the  report,  material  has  been  mentioned 
which  belongs  in  previous  years  but  which  had  not  been  available 
to  the  Committee.  In  order  to  make  the  report  as  complete  a 
picture  of  illuminating  engineering  as  possible,  it  has  been  decided 
to  include  such  information  with  the  letters  ''N.  P.  R."  after  the 
reference  to  indicate  ''not  previously  reported".  As  usual  the 
Committee  has  received  information  from  the  engineers  in  charge 
of  lighting  in  various  of  the  larger  cities  and  the  thanks  of  the 
Committee  are  extended  to  them  and  to  the  numerous  journals 
whose  pages  have  been  so  generously  consulted. 

Respectfully  submitted, 

Francis  E.  Cady,  Chairman 
Geo.  S.  Crampton 
Wm.  E.  Saunders 
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GAS 

The  origin  of  the  name  "gas"  has  been  traced^  to  Jan  Babtist 
Van  Helmont  of  Brussels,  among  the  last  of  the  alchemists  and 
one  of  the  earliest  contributors  to  modern  chemistry.  He  was  one 
of  the  first  to  understand  that  there  exist  other  aeriform  bodies 
differing  from  ordinary  air  and  stated:  "This  spirit,  up  to  the 
present  unknown,  not  susceptible  of  being  enclosed  in  vessels, 
not  being  capable  of  being  reduced  to  a  visible  body,  I  call  by  the 
name  of  'gas".  It  was  supposed  that  Helmont  took  the  name  from 
the  Dutch  word  "geest",  but  it  has  been  pointed  out^  that  a  study 
of  the  writings  of  Helmont,  which  were  in  Latin,  indicates  that  he 
took  the  word  from  the  Greek  word  "chaos". 

Installation  of  a  high  pressure  gas  system  in  the  Ancient  Royal 
Burgh  of  Culross  has  aroused  some  interest  as  it  is  claimed  that  in 
a  coal  tar  factory  there,  gas  was  first  made  some  140  years  ago. 
The  ]^]arl  of  Dundonald  in  the  course  of  expcTiments  with  the 
tar  noticed  the  infhimmabh*  nature  of  the  vapor  during  the  pro- 
cess of  distillation.  Later  he  m(*t  Murdock  and  the  subject  was 
discussed.  It  is  believed  this  was  the  origin  of  tlie  scheme  for  (lie 
manufacture  of  gius  which  Murdock  subse(}uently  di  v(>lop(ul. 

It  is  said  (liat  Fredonia,  N<*w  ^'ork,^  has  the  credit  of  l)eing  the 
first  place  to  use  natural  gas  for  lighting  j)urpos('s.  The*  first  W(»ll 
was  drilled  in  1826,  the  year  Lafayette  made  a  tour  of  tlie  LnitiMl 

^{Jji-i  Jdiir  ,  I><T    J7,  lojj,  p.  Hio. 

"Lirlil  uikI  I.niii|M',  Aug.  24,  1^33,  p.  406. 

'Anirr    («im  Jour.,  S<'pl.  Jj,   lyJJ.  p.  30. 
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States  and  the  tavern  where  he  was  entertained  was  illuminated 
by  gas  piped  from  this  well. 

As  a  result  of  the  fact  that  superheating  of  the  air  and  gas  in  a 
burner  increases  the  flame  temperature  considerably,  and  that 
the  smaller  the  mantle  the  greater  its  light  (proportional  to  the  gas 
consumed),  and  the  greater  its  strength,  there  is  a  growing  tendency 
in  England  to  convert  gas  lamps  from  the  "universal"  size  mantle 
to  the  superheated  cluster  type  of  small  mantles. 

According  to  recent  statistics,^^  gas  is  now  used  in  8,800,000 
incandescent  burners.  In  Japan  there  are  reported^^  1,2 17,094  in- 
stallations of  gas  lighting. 

In  a  paper  before  the  German  Illuminating  Engineering  Society 
it  was  stated  that  changes  in  the  constituents  of  the  gas  supplied, 
occasioned  by  lack  of  coal  during  the  war  period  and  after,  had 
resulted  in  a  hotter  and  narrower  flame  for  which  prewar  mantles 
were  not  fitted.  Mantles  must  now  be  of  smaller  diameter  to 
insure  the  fabric  being  in  the  hottest  part  of  the  flame. 

Calorific  Standard 

A  second  progress  report^^  has  been  made  by  the  Joint  Com- 
mittee on  Efficiency  and  Economy  of  Gas,  of  the  Railroad  Com- 
mission of  California.  The  Commission  carried  out  extensive 
investigations  and  came  to  the  general  conclusion  that  ''in  fixing 
a  standard  of  gas  quality  to  be  applicable  to  all  California  manu- 
factured-gas  plants,  the  fundamental  object  to  be  achieved  is  to 
supply  gas  which  will  make  possible  the  best  service  to  the  con- 
sumer at  the  least  cost".  The  report  concludes  that  the  present 
570  B.  t.u.  standard  is  not  the  best  and  that  a  550  B.  t.  u.  standard 
would  be  more  satisfactory.  On  August  20,  192 2^^*  the  Public 
Service  Commission  of  New  York  adopted  an  order  prescribing  for 
gas  companies  operating  in  the  City  of  New  York  B.t.u.  stand- 
ard in  place  of  the  obsolete  candlepower  standard.  A  monthly 
average  must  be  maintained  of  not  less  than  537  B.t.u.  and  there 
must  be  no  daily  average  of  any  three  consecutive  days  of  less 
than  525  B.t.u. 

i°Gas  Age-Rec,  Dec.  i6,  1922,  p.  828. 
I'Gas  Jour..  June  20,  1923.  P-  744- 
^^Gas  Age-Rec,  Dec.  16,  1922,  p.  819. 
^^Am.  Gas  Jour.,  Jan.  27,  1923.  P-  70. 


THE   year's    progress    IX    ILLUMINATION  589 

Burners 

The  Bureau  of  Standards^*  is  conducting  tests  on  the  develop- 
ment of  a  standardized  gas  burner  for  dwellings.  Improvements  in 
gas  burners^^  used  for  street  lighting  have  been  made  in  England. 
It  was  found  that  the  "intermediate"  mantle  was  the  most  econo- 
mical one  to  use  considering  the  amount  of  light  required  and  the 
breakage  due  to  vibrations  from  the  heavy  motor-truck  traffic. 
Further,  with  the  ''intermediate"  mantle,  it  is  much  easier  to 
adjust  the  flow  so  as  to  get  a  higher  efficiency  than  is  possible  with 
the  "universal"  mantle.  A  burner  using  two  mantles  has  the 
centers  of  the  mantles  and  the  bunsen  tube  in  one  straight  fine 
and  this  arrangement  was  found  to  be  well  adapted  for  use  in 
conjunction  with  automatic  controllers.  The  same  type  is  used 
for  burners  equipped  with  three  to  six  mantles,  except  that  where 
more  than  two  are  employed,  the  outlets  are  arranged  in  zig- 
zag fashion.  This  facilitates  replacement  in  case  of  breakage. 
Tests  have  shown  an  average  candlepower  of  344  between 
o  and  20°  to  the  horizontal  in  a  direction  at  right  angles  to  the 
long  axis  of  the  burner  and  an  average  of  191  candlepower  at 
right  angles  to  the  short  axis.  The  burner  was  consuming  18 
B.t.u.  per  candle  hour  or  13.76  cu.  ft.  of  450  B.t.u.  gas.  These  re- 
sults should  be  compared  with  those  from  a  six-light  circular 
cluster  of  the  old  type  which  gave  an  average  of  250  candlepower 
between  o  and  20°.  The  new  type  tends  to  concentrate  the  light 
in  two  directions, — namely,  up  and  down  the  street.  To  assist  in 
the  development  of  a  maintenance  scheme,  the  burner  parts  have 
been  worked  out  so  that  there  shall  be  interchangeable  component 
parts  such  as  gas-nipples  and  adjustors,  air  regulators,  bunsen 
tubes,  etc.  capable  of  being  assembled  in  various  sizes  to  make  up 
any  particular  burner  desired. 

Experiments  to  determine  how  much  light  from  one  mantle 
is  cut  off  l)y  the  opacity  of  an  adjacent  mantle  showed*^  for  the 
particular  mantles  tested  that  one  allowed  u)  p(M-  c(>nt  of  the  light 
of  th(?  other  to  pass  through.  This  would  obviously  depend  on  the 
texture  of  the  mantle.     An  investigation  has  l)e(Mi  made'^  on  the 

'*Am.  (iiut  Jour.,  Si-pt.  aj,  lyja,  p.  ao. 
'^(JaM  Jour.,  Mar.  7,  iq3J,  p.  614. 
'"(ifui  Jour  ,  Mivr.  7,  1923.  p.  <>I4. 
'^I.ictil  uii(i  I.uiiipo,  Autf.  ^4,  iV'^Ji  P-  4^3- 


590  TRANSACTIONS   I.    E.    S.,    SEPTEMBER,    1923 

effect  of  the  mass  of  the  primary  air  on  the  luminosity  and  gas 
consumption  of  inverted  burners,  keeping  the  other  conditions 
constant  and  only  changing  the  amount  of  the  primary  air.  The 
experiments  indicated  that  the  luminous  intensity  depends  on  the 
gas  consumption  and  corresponding  temperature  of  the  gas  flame. 

Mantles 

A  new  element  called  "hafnium,^^  has  been  discovered.  It 
appears  to  have  an  atomic  weight  of  about  i8o  and  is  chemically 
allied  to  the  rate  earths  of  the  thorium  group,  to  titanium  and 
zirconium.  This  relationship  suggests  the  possibility  of  its  practical 
application  in  the  production  of  gas  mantles.  A  type  of  silk 
mantle^  ^  has  been  reported  which  is  said  to  be  stronger  and  more 
durable  than  any  so  far  produced.  Another  new  mantle  not  yet 
perfected  is  entirely  textureless  and  yet  is  said  to  give  the  full 
luminous  intensity  obtainable  from  gas  by  the  ordinary  means. 
It  consists  of  finely  divided  particles  of  oxide  of  thorium  bound 
with  a  soluble  salt  of  thg-t  metal  and  encased  in  collodion. 

It  has  been  found  that  the  ash  of  incandescent  gas  mantles 
emits  radioactively  in  the  a  and  j8  rays.^^  The  /3  rays  are  pho- 
tographically active  and  may  be  absorbed  by  tinfoil  o.oi  mm 
thick  to  the  extent  of  57  per  cent.  The  a  rays  are  strongly  ionizing 
and  are  absorbed  by  the  same  tinfoil  to  the  extent  of  84  per  cent. 

The  bump  test  to  determine  the  resistance  to  shock  of  tungsten 
filament  incandescent  lamps  is  a  familiar  procedure  but  the  testing 
of  the  tensile  strength  of  a  gas  mantle  is  a  much  more  complicated 
and  delicate  task.  An  apparatus  designed^^  for  this  test  comprises 
a  vertical  cylindrical  float  surrounded  by  water  in  a  circular  con- 
tainer. The  float  carries  a  cup  of  melted  wax  into  which  the  lower 
edge  of  the  mantle  to  be  tested  is  placed  and  the  wax  allowed  to 
solidify  around  it.  The  mantle  is  thus  attached  to  the  float.  By 
running  off  the  water  slowly,  the  mantle  takes  an  increased  pro- 
portion of  the  weight  of  the  float  which  drops  when  the  mantle 
breaks  and  automatically  shuts  off  the  water.  The  height  of  the 
remaining  water  is  then  a  gauge  of  the  breaking  weight.     Tests 

*^Sci.  News-Letter,  Mar.  lo.  1923,  p.  6. 

^®Gaa  Jour.,  Mar.  21,  1923,  p.  751. 

2°Chem.  Zentralbl.,  Feb.  22,  1922,  p.  440.     N.  P."  R. 

^^Proc.  Phys.  Soc.  of  London,  Dec.  15,  1922,  p.  46. 


THE    YEAR  S    PROGRESS   IN    ILLUMINATION  591 

have  shown  that  some  mantles  can  support  five  hundred  times 
their  own  weight. 

The  development  of  a  mantle^^  for  use  with  acetylene  gas  has 
been  slow  in  spite  of  many  experiments.  Some  success  has  been 
attained  with  high  pressure  burners  but  to  make  a  mantle  last 
500  to  600  hours,  chemically  well-purified  acetylene  was  necessary. 
A  mantle  has  been  reported  which  is  designed  to  insure  complete 
combustion  of  either  purified  or  crude  acetylene  and  not  to  car- 
bonize under  any  operating  pressure.  The  burner  consists  of  four 
parts;  a  tip  screwed  into  a  mixing  tube  on  which  is  screwed  a  cap 
with  gauge  carrying  the  mica  chimney  and  mantle,  the  whole 
having  a  height  of  4j-^  inches.  In  the  jet  is  screwed  a  four-hole 
disk  from  below  bearing  a  rod ;  at  the  upper  end  is  a  screw  thread 
instead  of  the  usual  cone  entering  the  orifice  plate.  This  gives  a 
vortex  motion  to  the  issuing  gas  and  assists  in  mixing  it  with  the 
air  injected  through  openings  in  the  tube  below  the  level  of  the 
orifice.  Laboratory  tests  have  indicated  an  average  of  111.6 
candles  per  cu.  ft.  per  hour  for  burners  rated  at  3^  and  34  cu.  ft. 
or  almost  six  times  as  much  light  as  from  an  open  flame  acety- 
lene burner. 

Auxiliaries 

A  French  semi-automatic  gas  lighter^*  utilizes  a  pilot  light 
with  independent  feed  line  and  a  container  in  which  the  gas  ac- 
cumulates until  it  reaches  a  certain  pressure.  The  time  required 
is  the  time  during  which  it  is  desired  to  have  the  light  out.  In 
another  model,  the  gas  is  cut  off"  at  the  source  and  turned  into  the 
main  again  when  illumination  is  desired.  In  either  model  the 
pressure  of  the  gas  operates  a  cut-in  and  cut-out  float.  In  the 
first  type,  provision  for  extinguishing  the  light  is  made  bj^  ac- 
cumulating a  small  amount  of  the  flowing  gas  until  the  pressure 
is  right.  The  time  required  for  this  is  that  during  which  the  light 
is  in  ojMTation.  The  regulating  device  is  contained  in  a  small 
cylinder  attached  to  the  lamp  post. 


"Gan  Agf-Ucrord,  Auk.  5.  lyaa,  p.  178. 
"Sri.  AmiT.,  I'Vb.   I03J,  p.  lift. 
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Kerosene 

A  new  competitor  in  the  field  of  portable  oil  lamps  is  made  in 
the  form  of  an  old  fashioned  candle  and  holder.  Its  fuel  is  kerosene 
and  it  is  claimed  to  furnish  loo  hours  light  from  a  teaspoonful  of 
the  combustible.^^. 

INCANDESCENT  ELECTRIC  LAMPS 

While  experimental  work  on  incandescent  electric  lamps  is  still 
being  carried  on,  there  have  been  no  striking  developments  during 
the  past  year.  The  following  table  shows^^  recently  compiled  data 
on  the  annual  and  per  capita  consumption  of  incandescent  lamps 
in  the  United  States  and  several  foreign  countries. 


Population 

Number  of  Lamps 

Lamps  per  capita 

United  States 

112  million 

205  million 

1-83 

Switzerland 

4 

6.5 

1.62 

Germany 

57 

50 

0.88 

France 

415 

30 

0.72 

Austria 

6 

4 

0.67 

England 

44 

20 

0.45 

Italy 

40 

15 

0.38 

Hungary 

7.25 

2.7 

0-37 

For  the  fiscal  year  ending  June  30,  1923  the  government  ordered 
1,355,000  incandescent  filament  lamps,  a  number  smaller  than  for 
several  years  preceding.  85  per  cent  of  this  number  were  large 
tungsten  lamps  as  distinct  from  miniature  tungsten  and  carbon. 
In  1922  the  corresponding  per  cent  was  79.  15.4  per  cent  of  the 
large  tungsten  lamps  were  of  the  gas-filled  type.  1706  representa- 
tive lamps  were  life  tested  at  the  Bureau  of  Standards.  Mill-type 
tungsten  lamps  have  replaced  carbon  in  Navy  work. 

Manufacture 

The  demand  for  carbon  lamps^®  has  dropped  to  such  an  extent 
that  the  number  sold  in  1922  was  only  about  1.5  per  cent  of  the 
total  number  of  lamps  purchased  in  that  year  in  the  United 
States  and  only  J^  the  number  used  in  1920.  In  the  case  of 
tungsten  lamps,  the  distribution  according  to  size  and  type 
has  apparently  reached  a  point  where  differences  from  year  to 

^Pop.  Mech.,  June  1923.  P-  934- 

2^ Jour,  of  A.I.E.E.,  June  1923,  p.  659. 

^^Report  of  Lamp  Committee,  N.E.L.A.,  June  4,  1923. 
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year  are  only  fractions  of  a  per  cent.  For  the  past  three  years, 
the  vacuum  type  has  composed  79.5  per  cent  and  the  gas-filled, 
20.5  per  cent  of  the  total  number  distributed,  with  variations 
of  only  2.2  per  cent.  The  most  popular  sizes  have  been  the  40- 
watt,  2  5- watt,  and  50-watt  in  the  vacuum  type  and  the  75-wattand 
loo-watt  in  the  gas-filled  type  and  this  relation  has  held  true 
for  the  past  three  years.  However,  the  50-watt  vacuum  lamp  has 
been  still  gaining.  The  average  efficiency  has  again  increased  by 
about  the  same  percentage  as  last  year  and  is  now  1 1 . 5  lumens  per 
watt.  The  distribution  according  to  voltage  shows  88.2  per  cent 
in  the  115-volt  class  with  a  falling  off  again  in  the  2 30- volt  list. 
The  standardization  of  lamp  voltages  continues  to  progress,  over 
91  per  cent  of  those  reported  being  115,  no  or  120,  in  this  order  of 
preference. 

The  growth  in  the  use  of  miniature  tungsten  filament  lamps 
has  been  large  in  the  last  few  years^'  and  in  1922  it  reached  almost 
29  per  cent  of  the  total  used  output  (large  and  miniature).  Of 
this  number  about  18  per  cent  were  for  flashlight  service,  about 
10  per  cent  for  Christmas  tree  decoration,  about  70  per  cent  for 
automobile  lighting  and  the  rest  mainly  for  signaling  purposes. 

In  the  days  of  the  carbon  lamp,^^  renewing  or  refilling  burned 
out  lamps  was  quite  a  common  procedure,  but  the  tungsten  fila- 
ment mounting  and  treatment  is  such  that  the  problem  was 
practically  dropped  except  in  Germany.  A  new  method  has  been 
developed  in  Italy  and  is  already  in  commercial  use.  In  this 
method,  the  special  feature  is  that  all  the  operations  necessary  for 
winding  the  new  filament  are  carried  on  outside  the  lamp  to  be 
renewed.  The  hole  in  the  bulb  is  made  no  larger  than  would  be 
necessary  for  exhausting  an  ordinary  new  lamp.  A  special  mount- 
ing of  the  filament  is  required  and  is  in  the  form  of  a  small  spiral 
crown.  The  arms  holding  the  filament  have  sufficient  resiliency 
to  allow  the  whole  to  be  folded  up  with  an  "umbrella-like  move- 
ment" when  the  carrier  system  is  introduced  into  the  bulb. 

The  importance  of  the  question  of  international  standardiza- 
tion of  lamp  bases  is  such  that  attention  should  be  called  to  the 
discussioFi  of  I  his  sul)j('('t  inuh^r  "Reflections"  in  tlu^  April  number 
of  the  Transactions. 

'^KIpc.  World,  Dec,  aj,  1922,  p.  1416. 
'"Elrrtririan,  Miiy  35,  lO^J,  p.  5^0- 
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The  use  of  the  iron  wire  auxiliary  to  control  violent  fluctuations 
in  the  power  supply  was  a  most  potent  factor  in  the  practicability 
of  the  Nernst  filament  and  has  been  in  use  to  regulate  the  voltage 
supply  for  railway  headlights  for  some  time.  A  foreign  experi- 
menter has  worked  out  data^^  from  which  may  be  determined  the 
wire  necessary  to  take  care  of  a  number  of  cases. 

According  to  reports  from  Russia^°  vacuum  lamps  are  now 
being  made  at  the  Moscow  lamp  works  at  the  rate  of  10,000  per 
month  and  gas-filled  lamps  at  the  rate  of  250  per  day. 

A  company  has  been  formed  to  manufacture  in  Hungary 
special  types  of  lamps  such  as  those  for  Xmas  Tree  decoration. 
About  250  million  glass  bulbs  for  incandescent  lamps  are  now 
being  produced  yearly  in  Germany .^^  of  which  20  per  cent  are  for 
export.  All  bulbs  are  blown  individually  by  hand,  operation  of 
the  automatic  machine  having  been  found  to  be  more  expensive 
than  manual  labor. 

Types 

In  the  ''mill"  type  lamp  which  has  an  especially  rugged  con- 
struction, a  10  watt  size^^  in  a  straight-sided  bulb  of  either  clear 
or  blue  glass  with  a  concentrated  filament  has  been  developed. 
It  is  suggested  for  use  in  sign  lighting.  A  lamp  is  announced  from 
Canada^^  which  in  a  number  of  sizes  is  claimed  to  have  a  tested 
life  of  1500  hours.  No  data  are  presented  as  to  whether  this 
longer  life  is  due  to  operation  at  lower  efficiency  and  hence  at  a 
lower  temperature,  or  to  actual  improvements  in  materials  or  in 
methods  of  construction  which  would  give  this  life  at  higher 
efficiencies  corresponding  to  a  1000  hour  life  in  the  lamps  as  ordi- 
narily manufactured. 

A  novel  application  of  the  electric  lamp  to  advertising  sign 
purposes  has  appeared  in  Germany .^^  The  lamp  has  a  tubular 
bulb  from  i  to  2  feet  long  depending  on  the  length  of  the  advertise- 
ment. The  text  of  the  latter  is  fitted  in  blue  glass  letters  in  a 
glass  frame  in  the  bulb.    Over  the  lines  of  the  letters,  a  fine  tung- 

^^Rev.  Gen.  d'Elec,  Mar.  24,  1923,  p.  477. 
^*'Elec.  Rev.,  June  29,  1923,  p.  1013. 
^'Zeit.  f.  Ver.  Deut.  Ing.,  May  26,  1923. 
^Elec.  Record,  Mar.  1923,  p.  162. 
^^Elec.  Review,  Dec.  29,  1922,  p.  992. 
'^Helios,  Dec,  24,  1922,  p.  4161. 
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sten  filament  is  laid  and  kept  in  position  by  a  small  holder.  The 
color  of  the  letters  makes  them  visible  by  day  and  the  filament 
illuminates  them  by  night,  also  furnishing  general  illumination  if 
desired. 

Properties 

The  relationship  in  incandescent  filament  lamps  between  the 
efficiency  and  the  cost  of  operation,  including  the  cost  of  the 
lamp,  was  pointed  out  in  the  late  go's,  but  no  practical  application 
on  an  extended  scale  has  come  to  the  attention  of  this  Committee 
until  this  year.  As  a  result  of  a  study  of  the  subject,  taking  into 
account  different  power  rates  and  lamp  prices,^^  the  Hydro-Electric 
Power  Commission  of  Ontario,  Canada,  has  adopted  efficiencies  for 
incandescent  lamps  for  general  use  on  hydro-systems  which  will 
result  in  an  average  life  of  1500  hours.  It  was  found  that  the 
rigorous  solution  of  the  problem  of  the  most  economical  efficiency 
was  too  complicated  for  general  application  throughout  the  pro- 
vince, and  the  value  decided  upon  was  taken  as  a  compromise. 

The  experimental  determination  of  the  electric  and  photo- 
metric characertistics  of  tungsten  lamps  has  been  extended  to 
the  gas-filled  type  ranging  from  50  to  1000  watts.  Formulae^^  of  the 
type,  cp  =  AV'',  where  A  and  k  are  constants  and  cp.  is  the  maxi- 
mum horizontal  candlepower,  show  variations  in  k  from  1.73  to 
3.45,  the  values  generally  being  higher  for  the  higher  cp.  lamps. 
The  50-  and  loo-cp.  lamps  were  made  up  with  argon  gas,  the  rest 
with  nitrogen.  The  differences  in  the  values  of  k  were  attributed 
to  differences  in  the  purity  of  the  tungsten.  The  spherical  re- 
duction factor  (scp/mhc)  was  found  to  be  0.978  for  the  lower  cp. 
lamps  and  r. 04  for  the  600- and  looo-cp.  sizes.  The  ratio  of  the 
resistance  hot  to  that  cold  ranged  from  15  for  the  50-cp.  to  16  for 
the  looo-cp.  lamps.  Data  were  obtained  on  lamps  with  opal 
bulbs. 

Th(^  physical  properties  at  high  tomperaturos  of  many  materials 
can  be  studied  if  they  can  be  mountcMl  in  the  form  of  filaments  and 
heated  electrically.  In  such  cases,  knowledge  of  tlu^  losses  due  to 
conduction  of  heat  at  the  junctions  of  the  k^ading-in  wires  and  at 
the  supports  is  desired.    The  tli(M)ry  of  such  losses^^  and  its  appli- 

*'KIcc.  World,  Mar.  17,  10J.3,  p.  645. 
'*Uc>v.  Cji-n.  <ri';i(T.,  Auk.  '9,  lOJa,  p.  245. 
'^Jour.  of  I'Vunk.  IumI.,  Nov.  lyai,  p.  sgy. 
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cation  to  tungsten  filaments  in  a  vacuum  has  been  worked  out 
both  for  long  and  short  filaments.  Expressions  have  been  derived 
for  the  temperature,  resistivity,  emission  intensity,  brightness,  and 
thermionic  distributions  near  a  cooling  junction  for  tungsten  for 
the  conditions  just  referred  to.  The  relation  of  the  distribution 
curves  for  short  filaments  to  those  for  long  filaments  has  been  ob- 
tained and  it  was  found  that  equations  and  conclusions  developed 
for  cylindrical  or  wire  filaments  apply  equally  well  to  filaments 
with  rectangular  and  other  cross  sections  when  the  proper  sub- 
stitution is  made  for  the  radius  of  the  cylindrical  filament. 

A  further  study^^  has  been  made  of  the  rate  of  evaporation  of 
tungsten  in  the  form  of  an  incandescent  filament  in  a  vacuum  and 
in  a  gas.  It  was  found  that  at  a  temperature  of  295o°K  for  the 
vacuum  experiments  the  rate  of  evaporation  per  square  centimeter 
is  independent  of  the  diameter  from  0.05  to  0.25  mm.,  but  is 
over  40  per  cent  greater  for  fine  grained  than  for  very  coarse 
grained  wires.  In  nitrogen,  the  rate  varied  from  2  per  cent  to  5 
per  cent  of  that  for  the  same  wire  in  a  vacuum  and  in  argon,  from 
1.3  per  cent  to  3  per  cent  greater  than  in  a  vacuum. 

Specifications  to  be  used  in  the  purchase  of  incandescent  lamps 
have  been  published^^  by  the  Union  des  Syndicats  de  I'Electricite 
in  France.  For  vacuum  lamps,  the  cp  rating  on  the  bulb  is  for 
the  maximum  intensity  in  a  plane  perpendicular  to  the  axis. 
Lamps  are  to  be  tested  on  three  points:  quality  of  materials  and 
conditions  of  manufacture,  candlepower  and  watt  consumption, 
and  life. 

ARC  AND  VAPOR  TUBE  LAMPS 

Ever  since  the  introduction  of  the  mercury  arc  and  the  Moore 
tube  as  lighting  sources  there  has  been  marked  interest  in  this 
vapor-tube  type  of  light  production.  The  very  nature  of  the 
source  and  the  character  of  its  construction  seem  to  afford  un- 
limited opportunities  for  experiment  and  development.  Reference 
to  previous  issues  of  this  report  will  show  repeated  allusions  to 
research  in  which  lamps  of  this  type  are  the  direct  object  of  the 
experimental  work  or  a  most  important  auxiliary.  Involving 
as  they  do  luminescence  and  phosphorescence,  the  continuous  and 

^^Phys.  Rev.,  Mar.  19231  P-  343- 

''Rev.  Gen.  d'Elec.  Aug.  26,  1922,  p.  277. 
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the  line  spectra  with  the  possibiKty  in  the  way  of  a  monochro- 
matic source  of  the  maximum  of  luminous  efficiency,  it  is  not  sur- 
prising that  they  require  an  increasing  amount  of  space  in  this 
report. 

Another  contribution  to  the  theory  of  the  electric  arc  has  been 
made,'*°  based  on  a  study  of  the  thermionic  emission  from  the 
cathode,  the  current  carried  by  positive  ions  and  the  cathode  fall, 
ionization  in  the  region  between  the  electrodes  and  the  anode 
fall.  The  view  is  supported  that  the  arc  seems  to  be  dependent 
on  an  adequate  supply  of  electrons  at  the  cathode,  their  escape 
from  it  being  made  possible  by  a  sufficient  ionization  of  gas  near 
it  to  form  a  space  charge. 

Types 

Carbon  arc  lamps  designed  especially  for  moving  picture  work^^ 
have  been  brought  out  for  an  arc  voltage  of  i6o.  They  are  said 
to  burn  for  20  hours  with  one  pair  of  carbons.  The  result  is  ob- 
tained by  an  unusually  long  arc  (5  to  6  cm.)  burning  in  its  own 
combustion  gases  in  a  comparatively  small  glass  globe.  By  using 
one  horizontal-lighf*^  carbon  and  two  vertical  auxiliary  carbons, 
which  conduct  current  of  displaced  phase,  another  arc  for  pro- 
jection use  has  been  announced.  Effectively  a  single  phase  current 
results  and  it  is  claimed  that  a  higher  intrinsic  brilliancy  and  less 
flicker  is  obtained  than  with  the  ordinary  two  carbon  arc.  Still 
another  carbon  arc  is  a  reminder  of  the  old  Jablochkoff  candle. 
It  is  a  small  lamp  fitted  with  an  Edison  base,  has  two  carbons 
which  are  parallel  and  held  in  a  simple  but  substantial  clip  sleeve 
and  the  arc  is  maintained  at  the  points  of  the  carbons  by  a  magnet. 
It  is  started  by  a  spark  and  operates  at  a  current  of  from  8  to  10 
amperes.  An  increase  in  the  life  and  efficiency  of  luminous  arc 
himps^*  has  been  accomplished  by  making  the  electrodes  in  com- 
pressed square  or  oval  cross  sections. 

Experiments  on  the  size  of  the  cathode  spark  of  the  carbon 
arc^''  have  shown  that  if  the  anode  is  placed  far  enough  from  the 
cathode  so  that  its  radiation  no  longer  influences  the  size  of  the 

*"Phy»if«il  Hovif'W,  Maroh  1033,  p.  266. 
*'H«'li()«,  JuiH-  10,  1033.  p.  1299. 
*^Kl<-k.  Zfit    44  April  12,  1923,  p.  335. 
*'Kli'ctrirfil  World,  January  6,  1923,  p.  27. 
*^Z«it.  f.  Phynik,  Oct.,  7,  iQaa,  p.  71. 
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cathode  spot,  the  latter  is  then  proportional  to  the  current  strength. 
The  constant  current  density  of  the  spot  was  found  to  be  470 
amps,  per  sq.  cm.  The  high  frequency  alternating-current  arc 
behaves  differently  from  either  the  low  frequency  or  the  spark 
discharge  in  that  it  has  a  pseudo-stationary  range  at  the  middle 
part  of  the  arc  stream. ''^  This  conclusion  has  been  derived  as 
the  result  of  stroboscopic  experiments  on  the  light  emission  in  the 
arc  stream  with  various  electrodes  at  a  frequency  of  6000  com- 
plete periods  per  second  and  a  current  of  about  10  amperes.  Solid 
and  cored  carbon  electrodes  were  employed  and  tests  were  also 
made  with  rods  of  Fe,  Cu,  or  Ni  as  one  electrode.  For  short  arcs 
the  variation  of  intensity  of  the  different  spectral  lines  was  found 
to  be  very  closely  in  phase  with  the  arc  current.  In  a  long  arc  if 
the  part  near  the  electrodes  was  excluded,  the  middle  region  gave 
a  spectrum  which  would  not  suffer  any  variation  with  the  current 
oscillation  and  was  as  steady  as  a  D.  C.  arc. 

Other  experiments  on  the  arc  between  metallic  electrodes  with 
alternating  current  indicate  that  the  current  passes  only  from 
the  hot  electrode  to  the  cold  whatever  the  material  of  which  the 
electrodes  are  made.'*^  By  the  use  of  a  water  cooled  electrode  and 
two  other  electrodes,  a  pulsating  current,  but  in  a  single  direction, 
was  obtained  from  a  220  volt  A.  C.  circuit. 

Properties 

Among  the  physical  properties  of  the  carbon-carbon  arc'*^  is  a 
repulsion  effect  upon  the  poles.  Experiments  have  shown  that 
this  effect  increases  with  the  current  ranging  from  o  to  less  than  10 
dynes  for  currents  up  to  20  amperes.  It  does  not  vary  much  with 
the  arc  length  but  is  strongly  influenced  by  the  purity  of  the 
carbon,  metallic  salts  causing  an  increase  in  the  pressure  on  the 
cathode  and  a  lessening  on  the  anode.  Using  a  spectro-photo- 
meter  and  the  optical  pyrometer  method,  another  determination 
has  been  made  of  the  temperature  of  the  crater  of  the  carbon  arc 
and  other  radiation  from  the  flaming  arc'*^.  The  carbons  were 
burned  in  an  automatic  projection  lamp  wherein  the  electrodes 
were  placed  at  an  angle  to  each  other.    The  temperature  was  found 

*^I1  Nuovo  Cimento,  Jan.,  1922,  p.  59.     N.P.R. 

''^ Journal  de  Physique  et  le  Radium,  Nov.,  1922,  p.  389. 

^^Phil.  Mag.,  Oct.  1922,  p.  765. 

^^Zeit.  f.  Tech.  Physik,  No.  2,  1923,  p.  66. 
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to  be  dependent  on  the  current  strength  and  the  material  of  the 
electrodes.  Two  pure  graphite  carbons  gave  the  highest  black- 
body  temperature.  At  a  normal  specified  operation  of  0.746  amps, 
per  sq.  cm.  the  temperature  was  3775°  which  with  the  Beck  effect 
ran  up  to  3900°.  The  negative  electrodes  with  pure  carbon  showed 
the  same  temperature  as  the  positive  crater.  Heating  the  anode 
to  1 100°  caused  an  effective  drop  of  70°  in  all  colors.  In  the  normal 
arc  a  zone  of  highest  intensity  occurs  just  in  front  of  the  electrodes. 
More  work  on  the  ultra-violet  spectrum  of  the  carbon  arc^^  has 
resulted  in  a  number  of  lines  not  previously  observed  which  cor- 
respond with  prominent  lines  in  the  hot-spark  spectra  studied  by 
Millikan.  In  addition,  values  of  X  have  been  checked  for  a  num- 
ber of  the  prominent  lines.  Reference  should  be  made  to  an 
elaborate  discussion^^  of  the  Goertz-Beck  high  intensity  arc  lamp 
for  searchlights  which  gives  data  on  the  spectral  distribution,  the 
surface  brightness,  the  rate  of  burning  of  the  carbons,  the  in- 
fluence of  the  core  diameter  on  the  surface  brilliancy,  etc.  as  well 
as  information  on  the  mechanical  construction  of  the  searchlight 
unit. 

Mercury  Vapor 

Some  interest  was  aroused  in  technical  circles  by  a  report  in  a 
French  newspaper^^  of  a  new  light  source  which  was  said  to  be  in 
the  form  of  a  vacuum  tube  6  m.  long,  7  mm.  in  diameter,  coated 
on  the  inside  with  a  phosphorescent  material  and  exhausted  to 
0.02  mm.  It  was  said  to  give  a  light  comparable  to  that  of  ordi- 
nary sources  and  a  power  consumption  of  only  15  watts.  This 
information  was  subsequently  repudiated*'^"  by  the  French  professor 
who  was  credited  with  the  invention. 

In  every  form  of  vapor  arc  lamp,  the  elimination  of  foreign 
gases  from  the  various  parts  of  the  lamp  is  a  necessary  step  in  the 
manufacture.  The  effect  of  such  gases  in  the  mercury  arc  lamp 
has  aroused  enough  interest  to  stimulate  a  research  on  the  subject". 
Using  a  spherical  glass  container  40  cm.  in  diameter,  an  investiga- 
tion was  carried  out  with  a  discharge  which  was  unst ratified  and 

*^Vr(H\  of  Royal  Sor.,  Jan.  i,  igaj,  p.  484. 
^"Zcit.  f.  (*'ch.  I'liyMik.  No.  4,  1923,  p.  138. 
'•'l.i'  Miifiii,  Murch  jo,  lyij. 
"'MOIfi'.,  Apr.  27,  1923,  p.  465. 
''Z«'it.  f.  IMiynik,  Miiy  26,  1923,  p.  254. 
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of  medium  width  and  voltage  requirement.  With  the  introduction 
of  a  foreign  gas,  the  voltage  drop  increased  in  proportion  as  the 
heat  conductivity  of  the  gas  was  greater  than  that  of  the  mercury 
vapor,  and  in  proportion  to  the  increased  energy  loss  of  the  elec- 
trons by  collisions  of  the  molecules  of  the  foreign  gas.  The  order 
of  gases  with  reference  to  the  voltage  loss  was  Hg,  Ar,  CO2,  NH3, 
N,  H,  O,  SO2.  The  greater  the  energy  loss  by  collision  just  re- 
ferred to,  the  greater  the  voltage  required  to  start  the  arc. 

The  mercury  arc  in  quartz  can  be  operated  at  intensities  high 
enough  to  give  a  continuous  spectrum  in  addition  to  the  mercury 
lines. ^^  This  effect  has  been  adapted  in  a  compact  illuminator 
especially  for  monochromatic  purposes  operating  on  no  volts 
and  with  either  A.  C.  or  D.  C.  current.  The  dimensions  of  the 
effective  light  spot  are  1.25  x  0.25  inches.  A  mica  filter  is  pro- 
vided for  observation  of  the  extreme  ultra-violet  and  an  adjustable 
slit  and  light-tight  holder  for  other  filters.  With  a  resistance  in 
series,  the  lamp  operates  as  a  low  pressure  arc  giving  only  the 
strongest  spectral  lines.  At  full  intensity,  it  changes  to  a  high 
pressure  arc.  Additional  study  from  the  standpoint  of  applica- 
bility^'* has  been  made  of  the  quartz  mercury  arc  having  an  inert  gas 
such  as  neon,  argon,  helium,  etc.  introduced  into  the  tube  as  describ- 
ed in  the  1920  report. ^^  A  number  of  models  have  been  constructed 
suitable  for  operation  on  either  A.  C.  or  D.  C.  One  D.  C.  lamp 
is  designed  for  115  volt,  4  amperes  with  a  difference  of  potential 
at  the  electrodes  of  from  80  to  85  volts.  The  initial  current  is  11 
amperes  which  falls  in  30  seconds  to  6  amperes  and  in  5  minutes 
to  4  amperes. 

On  the  basis  of  new  experiments  on  the  mechanism  of  the 
mercury  vapor  arc,^^  it  has  been  shown  that  the  anode  fall  is 
independent  of  the  current  strength  and  the  temperature  of  the 
anode  as  long  as  the  vapor  pressure  remains  constant,  and  that 
it  is  probably  influenced  by  the  material  of  the  anode  and  its 
form.  It  has  been  evaluated  both  by  probe  naeasurements  and 
by  measurements  of  the  energy  emitted  at  the  anode.  The  anode 
fall  has  been  found  to  approach,^^  with  increasing  vapor  pressure 

^'Jour.  of  Opt.  Soc.  of  Amer.,  Dec.  1922,  p.  1066. 
^''Revue  d'Optique,  June  1922,  p.  304. 
^^Trans.  I.E.S.,  15,  1920,  p.  439. 
"Zeit.  f.  Physik   Feb.  26    1923,  p.  378. 
'^Ibid,  May  26,  1923,  p.  287. 
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and  current  strength,  a  limiting  value  of  3.72  volts  which  agrees 
with  the  difference  between  the  ionization  potential  of  10.39 
volts  and  the  exciting  potential  of  6.67  volts.  In  hydrogen,  the 
anode  fall  amounts  to  17.6  volts  and  is  about  1.2  volts  larger  than 
the  ionization  potential.  In  argon  and  neon,  the  anode  fall  changes 
with  increasing  current  strength  at  the  lowest  exciting  voltage. 
Data  have  been  obtained^^  on  the  dissociation  temperature  and 
vapor  pressure  conditions  in  mercury  vapor.  A  loo-ampere  recti- 
fier flask  was  employed  as  the  arc  vessel.  In  the  lower  part  of 
the  cooling  chamber  the  cross  section  of  the  velocity  of  a  mercury 
vapor  jet  under  full  operation  was  found  to  be  4.5  x  lo^  cm.  per  sec. 
The  calculation  of  the  temperature  in  the  axis  of  the  positive 
column  gave  results  which  for  full  load  lay  between  1000°  for  a 
lo-ampere  and  about  10000°  for  a  500-ampere  rectifier.  A  study 
has  also  been  made^®  of  the  energy  dissipation  at  the  cathode  spot 
in  the  mercury  of  the  cathode. 

Data  are  available  on  the  infra-red  radiation  from  the  quartz 
mercury  arc^^  in  therange  of  wave  lengths  from  0.70  to  4.0/^.  Differ- 
entiating between  the  radiation  from  the  quartz  tube  alone  and 
from  the  mercury,  it  was  found  that  the  output  from  the  former 
increased  more  rapidly  than  from  the  luminous  mercury  and  that 
radiation  decreased  in  intensity  throughout  the  tube  in  passing 
from  the  anode  to  the  cathode.  Over  a  range  of  from  40  to  120 
volts,  the  mercury  radiation  formed  30  to  55  per  cent  of  the  total 
and  this  proportion  was  increased  when  the  light  was  filtered 
through  a  plate  of  quartz.  The  absorption  of  the  fused  quartz  for 
mercury  radiation  was  about  38  per  cent. 

A  quiet  jet  of  green  vapor  plays  between  and  forms  the  arc 
stream  when  mercury  is  the  positive,  and  carbon  the  negative 
electrode  of  an  arc.^^  The  jet  is  always  perpendicular  to  the  crater 
which  is  a  circular  depression  (3  to  5  mm.)  surrounded  bj'  an  oxide- 
of-mercury  ring.  Experiments  on  the  velocity  of  the  stream  showed 
10  to  30  meters  per  second.  Thc^  rate  of  mercury  consumption 
with  known  current  and  crater  diameter  was  also  determined.  The 
current  density  was  of  the  order  of  300  to  1000  amps,  per  sq.  cm. 
The  rrat(T  arra  was  found  to  varv  dinM'tly  as  the  current  and  the 
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variation  of  voltage  with  arc  length  at  constant  current  was  ap- 
proximately linear.  In  this  arc  the  cyanogen  spectral  lines  are 
absent.  If  a  meniscus  of  mercury  is  used  for  the  anode^^  and  a 
very  thin  sheet  of  metal  or  carbon  used  for  the  cathode  and  the 
whole  properly  regulated,  the  cathode  will  be  punctured  and  a 
small  flame  surmounted  by  a  high  tuft  of  whitish  fumes  will  be 
seen  to  play  above  the  hole. 

Comparison  of  the  ultra-violet  radiation  from  a  quartz  mer- 
cury arc  and  the  sun  at  the  zenith  at  Davos,  Germany,^^  indicated 
that  at  100  cm.  distance,  the  arc  had  3.7  and  at  50  cm.,  12.2  times 
the  ultra-violet  intensity  of  the  sunlight. 

Mercury  and  other  Vapor 

A  systematic  study  of  twenty-four  illuminating  gases^*  when 
excited  by  an  electrical  discharge  at  low  pressure  has  shown  that 
the  light  emitted  per  unit  energy  consumed  varied  from  o  in  the 
case  of  arsenic  vapor  to  1 7  candles  per  watt  for  sodium  vapor.  The 
light  was  measured  from  a  limited  portion  of  the  vacuum  tube  and 
the  corresponding  electrical  energy  was  determined  by  measuring 
the  potential  drop  and  the  current  in  this  part  of  the  tube.  The 
maximum  observed  efficiencies  of  neon,  mercury,  and  sodium  were 
1.8,  10,  and  17  mean  spherical  candles-per-watt  respectively. 
These  three  proved  to  be  the  only  elements  which  gave  as  high  a 
luminous  efficiency  as  that  given  by  the  ordinary  illuminants. 
It  was  shown  that  it  is  very  improbable  that  any  gas  composed  of 
polyatomic  molecules  will  have  high  efficiencies. 

The  fall  of  potential  between  electrodes  where  the  cold  anode 
lies  within  the  region  lighted  by  the  cathode  has  been  determined 
for  arcs  of  mercury,  zinc,  cadmium,  and  magnesium.  For  mer- 
cury, the  value,  9.20  ±0.15  volts  was  obtained  for  currents  from 
5  to  20  amperes;  i.e.,  for  this  region  the  fall  of  potential  is  independ- 
ent of  the  current  strength.  This  was  found  true  for  anodes  of 
iron,  nickel,  and  platinum.  The  zinc  arc  at  small  current  strengths 
gave  8.80  and  for  large  currents  (10  to  30  amperes)  10.53  volts; 
the  cadmium  arc  gave  9.9  volts  which  was  constant  for  currents 
from  10  to  20  amperes;  the  magnesium  arc  showed  12.3  volts  for 
10  amperes  and  12.45  volts  for  30  amperes. 

^^Ibid,  Oct.  1922,  p.  165. 
*^Meteorol.  Zs.  39,  1922,  p.  303. 
**Physical  Review,  Feb.  1923,  p.  210. 
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Further  information  is  available  on  the  characteristics  of  the 
neon  glow  lamp.^^  These  seem  to  vary  with  the  type  of  construc- 
tion, character  of  the  electrodes,  distances  between  them,  etc. 
The  voltampere  characteristics  and  spectra  have  been  worked  out 
for  two  types  designed  for  direct  current,  one  with  a  star  shaped, 
the  other  with  a  conical  spiral  electrode.  Similar  experiments 
have  been  made  on  a  lamp  with  the  conical  spiral  electrodes  de- 
signed for  alternating  current. 

For  use  as  a  source  of  monochromatic  radiation  for  high  in- 
mtensities^e  ^  quartz  sodium-potassium  vapor  arc  lamp  has  been 
found  satisfactory.     It  is  made  by  joining  two  quartz  spherical 
bulbs  about  3  cm.  in  diameter  with  a  short  length  of  quartz  tubing 
5  mm.  bore,  each  bulb  having  a  long  neck  attached  which  carries 
the  electrode  wire,  an  iron  rod  4  mm.  in  diameter.     The  liquid 
alloy  of  sodium-potassium  (two  parts  by  weight  of  sodium  and 
one  of  potassium)  is  run  into  one  bulb  and  both  are  then  exhausted. 
On  passing  an  electrical  discharge  through  the  tubes  with  the 
alloy  as  cathode,  the  oxide  on  the  surface  disintegrates  and  the 
surface  becomes  clean.    The  alloy  can  then  be  made  to  flow  into 
the  other  bulb.    Using  direct  current,  the  lamp  works  on  a  mini- 
mum applied  voltage  of  30,  although  after  the  arc  is  struck,  which 
IS  accomplished  by  tilting,  the  fall  of  potential  is  only  10  volts 
with  a  current  of  1.5  amperes.    The  current  should  be  kept  below 
2.5  amperes  to  prevent  browning.     The  lamp  does  not  require 
continuous  pumping  while  it  is  working  as  the  alloy  absorbs  all 
gasses,  particularly  nitrogen  and  hydrogen,  while  the  current  is 
passmg.    The  potassium  lines  are  found  to  be  very  faint  compared 
to  the  sodium  lines.    A  sodium  vapor  tube  having  a  nickel  disk 
anode  2.5  cm.  in  diameter  and  8  cm.  from  a  tungsten  filament 
0.038  cm.  in  diameter,  in  a  18  cm.  pyrex  bulb  was  found  to  have 
properties  shown  in  the  following  table i^^ 

volts  10  I  1  ,,^ 

,,.    ,  H'  14  19  30  100  200 

DiNcharRc: 

,,   „     ^^'"'r'^;^        ""«'  «223    0.525    0.810    0.475    0.510 

Camilcpowor  of  Klow  5.1       27.2       1,5  20,5       ,63.5       269.5 

WattsA'P.  of  Klow  o.,6       012  009  0.12  0.29          0.38 

"Klortririnn.  Dor.  i.  igaa.  p.  6a6;  Jan.  5.   lyj,    ,,    4 
"Phil.  Mng..  N0V..1022.  p.  Q.t4. 
'^PhyHinil  Hcvit-w,  Feb.  1933,  p.  209. 
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In  gas-filled  electric  discharge  tubes  in  which  an  electric  dis- 
charge is  started  by  supplying  current  to  the  electrodes,^^  the 
starting  potential  is  reduced  by  combining  magnesium  or  beryllium 
or  their  alloys  with  the  metal,  e.g.  iron  or  aluminum,  forming  the 
electrodes.  Thus  magnesium  or  beryllium  may  be  mechanically 
applied  to  the  electrodes,  and  material  disintegrated  from  the 
electrodes  by  the  discharge  is  prevented  from  forming  a  desposit 
upon  the  walls  of  the  discharge  tube  by  suitably  shaping  the 
electrodes,  e.g.,  by  partly  surrounding  the  auxiliary  metal  or 
alloy  by  the  electrodes. 

LAMPS  FOR  PROJECTION  PURPOSES 

As  in  the  case  of  other  light  sources,  developments  in  this  class 
have  been  more  in  the  direction  of  minor  improvements  and  in- 
creased information  as  the  result  of  experimental  work. 

Hand  Lamps 

The  focusing  type  of  hand  flashlights  has  been  amplified^^  by 
providing  one  end  with  a  bull's  eye  or  outer  convex  general  service 
lens  giving  a  diffused  light  over  a  wide  radius  and  the  other 
end  with  the  spotlight  obtained  by  the  focusing  reflector  and  lens. 
The  two  lights  may  be  operated  independently  or  both  at  the  same 
time.  Hand  lamps  are  now  used  for  so  many  purposes^^  that  it  is 
difficult  to  formulate  tests  which  will  be  sufficiently  general  to 
cover  all  requirements.  However,  some  interesting  information 
was  obtained  from  experiments  on  lights  made  by  eleven  manu- 
facturers. Each  lamp  was  tested  with  its  own  battery  and  lighted 
for  3  5  seconds  four  times  an  hour,  first  for  eight  hours  a  day,  then 
for  twenty-four  hours  a  day,  to  determine  life.  The  main  con- 
clusions were :  except  in  the  case  of  intermittent  use,  long  two  or 
three  cell  flashlights  should  be  used  as  the  greater  life  more  than 
compensates  for  the  increased  cost;  large  diameter  lenses  and  re- 
flectors should  be  avoided  except  possibly  for  illumination  at  a 
considerable  distance;  concial  reflectors  usually  give  a  better 
distribution  than  parabolic. 

*^Jour.  of  Soc.  Chem.  Ind.,  Oct.  31,  1922. 
^^Elec.  Merch.,  June  1923,  p.  3445. 
^*'Elec.  Jour.,  Apr.  1922,  p.  150,  N.P.R. 
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A  small  hand  lamp^^  has  been  brought  out  in  France  devised 
especially  for  the  reading  of  graduations  on  scales  such  as  those 
on  optical  instruments.  It  employs  a  flashlight  bulb  operating 
on  a  dry  battery,  the  light  being  diffused  by  a  ground  glass  and  in 
turn  reflected  from  a  mica  sheet  placed  at  an  angle  of  45°  to  the 
glass  plate. 

A  hand  lamp  of  the  general  miners'  class^^  had  been  approved 
by  Lloyd's  for  ships  carrying  oil  having  a  flashing  point  of  less 
than  150°;  for  vessels  holding  a  passenger  certificate  and  using 
oil  fuel;  and  for  emplo^Tnent  in  petrol  tank  steamers.  The  outer 
case  is  made  of  a  special  aluminum  alloy  and  has  a  locking  device 
to  prevent  unauthorized  opening  of  the  lamp.  The  accumulater 
case  is  of  steel  and  an  alkaline  electrolyte  is  employed  which  is  said 
to  be  absolutely  unspillable.  The  continuous  lighting  capacity 
is  about  ten  hours. 

Automobiles 

Additional  lights  are  finding  their  place  in  the  equipment  of 
the  latest  models  in  automobiles.  Among  these  may  be  mentioned 
the  ''courtesy"'^  light  which  silhouettes  the  arm  of  the  driver 
when  it  is  extended  to  signal  cars  in  the  rear;  the  side-door  light 
which  illuminates  the  step  when  the  door  is  opened;  the  "backing" 
light,  convenient  when  going  from  the  garage  to  the  street  or 
when  turning  on  a  poorly  lighted  street. 

Recognition  of  one  of  the  fundamental  principles  of  illuminat- 
ing engineering^''  is  seen  in  a  headlight  controller  which  dims  the 
light  gradually  instead  of  making  the  abrupt  change  which  fre- 
quently causes  difficulty  in  seeing  on  the  part  of  oncoming  drivers. 
The  device  is  operated  from  the  steering  wheel  by  touching  a 
lever  on  the  steering  post.  Directive  action  in  automobile  head- 
lights"" has  in  the  great  majority  of  cases  been  accomplished  by 
means  of  glass  lenses  with  modified  surfaces  backed  by  smooth  re- 
flectors of  the  i)aral)olic  type  but  results  can  be  obtaiiuHl  by  prop- 
erly modifying  the  surface  of  the  reflector  itself  and  this  i(l(*a  is 
incorporated  in  a  headlight  which  spreads  the  beam  laterally  by 

'"Ki-v.  (m'ii.  <1c  I'KliT.,  Apr.  21,  lyjj,  ijoD. 
"KIpc,  H«'pt.  I,  1922,  p.  248. 
''KIcr.  Morch.,  Apr.  lyaj,  p.  3252. 
'*I'op.  MitIi.,  I)«'c.  lyaa,  p.  879. 
^■^Jour.  of  A.I.E.E.,  July,  lyaj,  p.  754 
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means  of  vertical  flutes  in  the  mirror  surface,  the  latter  having  a 
hyperbolic  rather  than  a  parabolic  contour  which  gives  a  slightly- 
increased  beam  depth. 

Another  departure  from  the  usual  type  is  to  be  found  in  a 
head  light  which  produces  two  distinct  fields  of  illumination,'^  one 
of  high  intensity  for  distant  observation  and  the  other  of  moderate 
intensity  for  side  and  fore-field  illumination.  This  is  accomplished 
by  the  combination  of  a  6  inch  paraboloid  reflector  with  an  oblique 
reflecting  projector,  all  the  useful  light  being  projected  to  a  vertical 
slit  0.5  inch  in  width  and  4  inches  long  and  remaining  below  a 
horizontal  plane  42  inches  above  the  ground.  Additional  side 
and  fore-field  illumination  is  provided  by  an  independent  small  side 
lamp  integral  with  the  housing  which  can  also  be  used  as  a  park- 
ing lamp. 

A  modification  of  the  usual  auto  tail  light  is  a  unit  which 
carries  two  lamps,''  a  green  one  which  is  lighted  continuously  ex- 
cept when  the  clutch  is  thrown  out  or  the  brake  applied,  when  it  is 
extinguished  and  a  red  lamp  lighted.  When  the  car  is  at  a  stand- 
still, the  red  light  serves  for  parking  purposes.  Two  arrows  show  red 
to  indicate  whether  the  car  is  going  to  turn  to  the  right  or  to  the  left. 

In  cooperation  with  various  state  authorities,'^  the  Bureau  of 
Standards  has  been  carrying  on  experiments  to  determine  the 
proper  illumination  of  auto  license  plates  and  their  visibility  under 
different  conditions  of  illumination.  This  work  has  not  yet  been 
completed. 

An  anti-dazzle  light  bill  has  been  prepared  for  introduction" 
in  the  British  Parliament.  One  of  the  provisions  of  this  bill  is 
that  where  the  range  of  lamps  exceeds  150  feet,  a  beam  must  be 
used  which  falls  below  the  vision  of  drivers  of  other  vehicles  and  of 
approaching  pedestrians. 

A  special  headlight  has  been  developed  for  mine  locomotives.^'' 
The  main  body  of  the  lamp  has  been  shaped  so  as  to  ward  off  blows 
caused  by  falling  coal,  is  mounted  on  a  sub-base  with  a  three- 
point  suspension  and  made  dust-proof  and  moisture-proof.  Ar- 
rangements for  hand-focusing  are  provided. 

^^Jour.  of  Soc.  of  Automot.  Eng.,  Jan.  1923,  p.  3. 
^Pop.  Mech.,  Jan.  1923,  p.  73. 
^"Jour.  of  A.I.E.E.,  Nov.  1922,  p.  818. 
^^Elec.  Rev.,  Jan.  12,  1923,  p.  66. 
^^Elec.  Rec,  Jan.  1923,  p.  28. 
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Signalling 

The  number  of  incandescent  lamps  used  in  railway  signal 
work^^  is  increasing.  The  types  most  commonly  used  are  the  3.5- 
volt,  0.3-ampere  and  the  13.5-volt,  0.25-ampere.  Through  track 
relays,  the  lamps  light  when  a  train  is  approaching  and  are  ex- 
tinguished after  it  has  passed.  In  this  way,  batteries  are  conserved. 
The  use  of  ''sun- valves"  has  also  been  introduced.  These  valves 
automatically  turn  the  current  on  and  off  with  the  approach  and 
cessation  of  darkness.  Similar  applications  are  being  made  in  the 
small  range-lights  and  buoy-lights  of  the  lighthouse  service. 

Automobile  traffic  has  so  enormously  increased  the  duties  of 
traffic  officers  that  various  devices  have  been  developed  from  time 
to  time  to  make  their  work  more  effective. ^^  One  of  the  latest  is  a 
signal  lamp  the  size  of  a  watch  which  lies  in  the  palm  of  the  hand 
and  is  supported  by  a  strap  at  the  wrist.  It  receives  current  from 
a  small  pocket  storage  battery  weighing  only  twelve  ounces,  the 
connecting  wires  passing  through  the  sleeve  of  the  coat.  The  lamp 
is  automatically  lighted  or  extinguished  by  the  raising  or  lowering 
of  the  arm.  The  life  of  the  battery  is  claimed  to  be  five  years. 
An  innovation  in  street  signalling  devices^  has  a  bell  which  auto- 
matically rings  when  the  signal  operates  to  show  a  change  in  the 
traffic  direction,  thus  giving  an  audible  as  well  as  a  visible  notice. 
The  apparatus  is  about  7.5  feet  high  and  displays  a  red  or  a  green 
light  at  night  and  the  usual  stop  and  go  signs  by  day.  The  controls 
are  such  that  the  automatic  feature  may  be  switched  off  at  will 
to  meet  any  emergency  conditions. 

A  combined  signal  and  aerodrome  portable  landing  lighthouse®* 
has  been  developed  in  France.  It  sheds  light  through  180°  within 
a  radius  of  nearly  a  half  mile  and  the  light  is  cut  off  at  so  low  an 
altitude  that,  it  is  stated,  an  airman  coming  to  ground  would  not 
see  the  source  until  his  head  was  on  the  level  with  the  lamp.  The 
main  lens  is  composed  of  twenty-one  dioptric  elements  and  is 
enclosed  in  a  metal  lantern  carried  by  three  adjustable^  bearings 
on  a  four-wheeled  truck.  The  light  source  is  a  D.  C.  arc  taking  130 
amperes  at  60  voHs,  the  carbons  l)oiiig  arranged  for  eitluM*  auto- 
matic or  hand  feed.    In  order  to  make  it  visible  to  airmen  Hying  at 

*'EI«t.  Hit.,  Jan.  IQ33,  p.  j8. 
"Elec.  MiTch.,  July  lyaj,  p.  3493. 
"'llluM.  W'lirld,  Jim.  igaj,  p.  743. 
"^lOh-r.  Tirni'H,  S«-pt.  Ji,  igaa,  p.  246. 
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high  altitudes,  the  top  of  the  lantern  carries  a  fourth  order  lens 
(250  mm.  focal  distance)  built  up  of  six  dioptric  elements  and  sub- 
tending 360°.  At  the  center  of  this  lens  is  fitted,  in  an  adjustable 
carrier  to  permit  exact  focusing,  a  500-watt  incandescent  lamp 
wired  to  flash  synchronously  with  the  main  beam.  The  top  of 
this  upper  lens  is  closed  by  a  ventilating  glass  dome.  The  light 
of  the  main  beam  is  said  to  be  visible  to  the  naked  eye  at  a  dis- 
tance of  60  miles.  The  light  from  the  upper  beam  is  visible  under 
the  same  conditions  at  all  flying  heights  as  soon  as  the  upper  limit 
of  the  main  beam  has  been  passed. 

International  regulations  covering  ships'  navigation  lights^^ 
were  prescribed  in  19 10  when  it  was  provided  that  the  starboard 
green  light  and  the  port  red  light  should  be  visible  at  a  distance 
of  at  least  two  sea  miles.  No  rules  were  given  as  to  the  candle- 
power  of  the  lights  and  quality  of  the  colored  glass  to  insure  this 
visibility.  This  has  been  remedied  as  the  result  of  a  test  conducted 
in  England  from  which  it  was  deduced  that  the  candlepower  at 
the  source  should  be  not  less  than  12,  and  60- watt  or  preferably 
1 00- watt  lamps  were  recommended.  It  was  found  that  in  practice 
85  per  cent  to  90  per  cent  of  the  light  was  absorbed  by  approved 
colored  screens. 

Miners  Lamps 

Doubts  as  to  the  effectiveness  of  contact  breakers^^  in  miners' 
lamps  when  the  glass  is  broken  led  the  Bureau  of  Mines  to  carry 
out  a  number  of  tests.  The  first  consisted  of  ten  0.65-ampere, 
2 -volt  lamps  with  the  glass  bulb  removed.  The  filament  was  sur- 
rounded by  an  explosive  mixture  and  energized  by  a  2 -volt  battery. 
The  second  test  used  the  same  number  and  type  of  lamps  but 
smashed  the  bulbs  after  the  filaments  were  lighted.  The  third 
test  was  the  same  as  the  first  but  used  a  different  surrounding 
explosive  gas.  The  fourth  test  was  made  with  only  one  lamp  to 
show  how  many  times  the  filament  could  be  lighted  when  exposed 
to  an  inflammable  gas  mixture.  The  results  proved  conclusively 
the  necessity  of  an  adequate  current  interrupting  safety  device. 
In  fifty-five  tests  in  which  the  naked  filament  was  exposed  either 

^Elec,  July  28,  1922,  p.  88. 
*^EIec.  Rec,  Sept.  1922,  p.  170. 


THE   year's   progress   IN   ILLUMINATION  609 

at  the  beginning  or  after  smashing  the  bulb,  fifty-one  ignitions 
occurred,  all  obtained  by  normal  voltage  impressed  on  the  filament. 
In  British  coal  mines,  the  electric  safety  lamp^^  is  replacing  the 
old  Davy  lamp  at  the  rate  of  about  22,000  per  annum.  At  the  end 
of  192 1  the  numbers  were  approximately  605,500  oil-flame  (Daw) 
and  268,500  electric,  the  latter  number  having  increased  during 
the  past  year  to  nearly  300,000.  The  experimental  work  on 
''pillarless"  electric  safety  lamps^^  which  has  been  conducted  by 
Miners'  Lamps  Committee  during  the  past  two  years  has  reached 
the  stage  where  the  Committee  has  felt  justified  in  recommending 
that  lamps  of  this  type  be  accepted  for  tests.  The  Secretary  of 
Mines  has  approved  the  recommendation.  Lamps  with  a  working 
voltage  over  2  must  be  fitted  with  a  contrivance  for  interrupting 
the  current  automatically  in  the  event  of  breakage  of  the  well- 
glass.  The  object  of  the  ^'pillarless"  lamps  is  to  avoid  both  the 
loss  of  light  due  to  the  four  or  five  brass  rods  or  pillars  surrounding 
the  glass  and  the  detrimental  contrasts  and  shadows.  Six  lamps 
of  this  type  made  by  different  manufacturers  were  approved 
shortly  after,  ^^  four  of  which  are  required  to  maintain  a  light  of 
not  less  than  one  candlepower  all  around  a  horizontal  plane  for 
not  less  than  nine  hours  and  to  give  a  light  of  not  less  than  1 5 
candlepower  over  an  arc  of  45°  in  a  horizontal  plane.  The  total 
weight  of  such  lamps  must  not  exceed  the  specified  figures  (5.5  to 
6.75  pounds).  In  Australia,  coal  miners'  representatives  from  the 
north,  south,  and  west  districts  of  New  South  Wales^°  have  asked 
for  assistance  in  getting  the  use  of  electric  lights  in  the  mines. 
The  question  is  under  advisement  by  the  authorities. 

Projection 

A  carbon  arc  for  moving  picture  projection'-*^  has  both  carbons 
horizontal,  the  crater  of  the  positive  carbon  facing  away  from  the 
projector  aperture  and  toward  a  convex  mirror  through  the  center 
of  which  passes  the  metal-coated  negative  carbon.  Tlu*  rays  of 
light  from  the  positive  crater  are  caught  by  tlu*  n^fkn-tor  and  sent 
l)ack  through  the  projector  aperture.     No  condcMising  lens  is  used 

■'KIcT.  Hfv.,  Apr.  37,  1023.  p.  662. 
""Klnc.  TiinoH,  Aug.  3,  1922,  p.  Q2. 
"EIpc,  Doc.  2q,  ig22,  p.  751. 
'"IOIpc.  I{i<v.,  Oct.  30,  1033,  p.  570. 
"Mov.  Vic.  World,  Juno  9,  1933,  p.  525. 
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with  this  system  which  is  claimed  to  give  an  even  screen  illumina- 
tion and  to  be  especially  efficient  for  long  focal-length  projector 
lenses,  since  the  mirror  is  located  at  a  good  distance  from  the 
aperture. 

The  heat  evolved  in  a  searchlight^^^is  considerable  and  the  tem- 
perature of  the  various  parts  of  the  apparatus  is  an  important 
factor  in  their  design.  A  study  of  the  temperature  distribution  over 
the  mirror  of  a  36-inch,  150-ampere,  high  intensity  instrument 
showed  values  ranging  from  3o°C  near  the  outer  edge  to  85°C  near 
the  center.  By  studying  the  isothermals,  when  plotted,  shadows 
were  noted  and  corrections  made  which,  it  is  expected,  will  materi- 
ally increase  the  life  of  the  mirror. 

STREET  LIGHTING 

The  following  statement  is  quoted  from  the  Report  of  the  Light- 
ing Sales  Bureau  of  the  N.E.L.A.  for  1922-23^^:  ''The  year  just 
closed  has  seen  more  street  lighting  improvements  made  than  have 
been  reported  in  any  previous  annual  period  and  there  is  every  pros- 
pect that  the  coming  year  will  see  still  further  increases".  The 
trend  in  the  development  of  ornamental  street  lighting  equipment 
has  been  toward  higher  mounting  and  larger  units.  One  reason 
given  is  the  demand  for  increased  illumination  due  to  modern 
traffic  conditions  and  because  the  efficiency  of  the  gas-filled  tungsten 
lamp  increases  rapidly  with  its  size.  Installations  have  been  made 
during  the  past  year  involving  ornamental  standards  with  mount- 
ing heights  varying  from  16  to  30  feet  equipped  with  lamps  in 
sizes  up  to  25,000  lumens.  Some  attention  is  being  given  to 
alleys,  always  inclined  to  be  dark  and  frequently  the  scene  of 
crime. 

The  Report  of  the  Street  Lighting  Committee  of  the  American 
Society  for  Municipal  Improvements^^  contains  a  table  of  "street 
lighting  practice"  in  which  the  recommendations  for  main  business 
thoroughfares  in  cities  of  100,000  population  or  larger  are  10,000 
to  50,000  lumens  per  post  with  mounting  heights  14  to  25  feet  and 
spacing  80  to  150  feet.  For  similar  streets  and  cities  from  20,000 
to  100,000  population,  10,000  to  25,000  lumens  per  post  are  pro- 

^^^Gen.  Elec.  Rev.,  Aug.  1922,  p.  498. 

^^Report  of  Lighting  Sales  Bureau,  N.E.L.A.,  June  1923. 

^3 Jour,  of  A.I.E.E.,  Feb.  1923,  p.  178. 
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posed.  This  indicates  the  keen  interest  of  municipal  authorities 
in  the  desirabiUty  of  improved  street  Hghting.  Before  the  war 
the  Bureau  of  Standards  undertook  a  comprehensive  study  of 
street-Hghting  service  of  all  types, — gas,  electric  and  other  special 
classes. ^^  It  was  to  include  the  problems  of  design  of  street- 
lighting  systems  from  the  illumination  standpoint ;  the  distribution 
of  gas  and  electricity  for  street-lighting  purposes;  methods  of 
operating  and  maintenance;  and  the  technical  and  engineering 
features  of  contracts.  This  study,  which  was  interrupted  by  the 
war,  has  been  actively  resumed. 

The  following  is  quoted  as  part  of  a  discussion  at  a  meeting  of 
the  local  branch  of  the  Psychological  Corporation^^  at  Washington : 
''Street  lighting  must  be  based  on  common  sense,  but  no  good 
sense  ignores  scientific  facts.  Modern  street-lighting  makes  a 
pretty  effect,  but  it  is  inefficient  in  these  days  of  congested  fast 
traffic  and  high  taxes.  It  would  pay  any  city  to  have  its  lighting 
arrangements  planned  by  a  specialist — an  illuminating  engineer 
in  consultation  with  artists  and  the  local  lighting  companies". 
The  last  sentence  contains  a  doctrine  which  has  been  preached  by 
this  society  for  a  good  many  years. 

The  installation  of  additional  gas  street  lamps  was  made  in 
eleven  cities  in  December  of  last  year^^  and  in  thirty-five  cities  in 
January  and  May  of  this  year.^^ 

A  legal  measure  which  promises  to  facilitate  improved  high- 
way lighting  has  been  passed  in  New  York  State. ^^  It  allows  the 
counties  of  the  state  to  appropriate  money  for  the  illumination  of 
highways.  The  importance  of  such  lighting  is  becoming  more 
seriously  recognized  in  all  parts  of  the  country. 

Information  has  been  received  from  engineers  in  a  number  of 
the  larger  cities  and  incorporated  in  the  following  descriptions  of 
specific  installations. 

Western  Coast 

Seattle  has  just  compk^tcnl  a  uvw  installation  of  sixty-four 
single   light    units   of   the   6,000-lumen,    20-ampere   incandescent 

'*rClrr.  World,  \\>r.  7,  n;2j,  j).  806. 

'"'S(icnr«'-N«WM-LrtUT,  Miirch  10,  1^23. 

""Am.  (!iiM  Jrmr.,  Dec.  o,  iy22,  p.  667. 

'^(liiM  Ako-1{oc.,  Jan.  20,  loaj.  p.  08;  Am.  Gas  Jour.,  July  14.  102J,  p.  43- 

""Jour,  of  A.I.K.K.,  Doc.  1922,  p.  lojj. 
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lamp  type  mounted  on  high  poles  designed  by  the  city.  These 
poles  have  replaced  center  span  units.  In  San  Francisco,  changing 
over  from  gas  to  electric  lights  has  been  slowly  progressing.  There 
is  at  present  on  foot  a  movement  to  put  some  ornamental  lamps  in 
^'Chinatown",  these  being  of  a  character  that  will  convey  by  their 
very  outline  the  oriental  idea.  The  Chinese  are  not  at  all  adverse 
to  spending  a  considerable  sum  of  money  in  order  to  secure  the 
installation  of  this  lighting  system  which  will  be  in  the  nature  of 
' 'white  way"  lighting. 

Altadena,  a  suburb  of  Pasadena,  Calif.,  is  made  up  mainly  of 
country  estates. ^^  The  problem  of  street-lighting  was  actually 
one  of  high-way  lighting  and  was  solved  by  the  use  of  refractor 
units  suspended  by  a  central  span  arrangement  with  inconspicuous 
wires.  The  light  height  is  28  feet  above  the  road  and  the  spacing 
540  feet.  Two  hundred  seventy  units  have  been  installed  in  a 
lighting  district  covering  about  four  square  miles. 

Attention  is  being  given  to  improving  the  lighting  in  the  out- 
lying districts  and  those  business  streets  not  already  included  in 
the  present  ornamental  lighting  area  of  Los  Angeles. ^°*^  Pendant 
units  will  be  employed  having  20-ampere  series  incandescent  fila- 
ment lamps  in  closed-bowl  refractors  consisting  of  two  pieces  of 
pressed  crystal  glass  nested  one  within  the  other. 

Middle  West 

Denver  celebrated  the  completion  of  its  ornamental  street 
llighting^^^  by  a  carnival  last  December.  A  new  city  ordinance^^^ 
has  provided  for  the  lighting  of  alleys  and  the  police  claim  this 
is  responsible  for  the  gradual  decrease  in  the  number  of  burglaries 
and  hold-ups  in  the  downtown  district,  as  well  as  materially  pro- 
tecting the  policemen  on  their  beats. 

Mandan,  N.  D.,  a  city  of  only  about  4400  inhabitants,  has  in- 
stalled^^' an  ornamental  system  of  447  standards  or  one  to  each  ten 
persons.  One-hundred-candlepower  lamps  in  urn-shaped  globes 
10.5  feet  from  the  ground  are  used  in  the  residential  sections  and 
12-foot   standards   with   250-cp.  lamps   in   the   business  district. 

°'Jour.  of  Elec.  and  W.I.,  Jan.  15,  1923,  p.  55. 
^"''Public  Works,  Apr.  1923,  p.  135. 
^"^Jour.  of  Elec.  and  W.I.,  Jan.  15,  1923,  p.  68. 
^•^Elec.  World,  June  9,  1923,  p.  1376. 
^"^Elec.  World,  Oct.  14,  1922,  p.  829. 
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About  9.5  miles  of  streets  are  lighted.  A  residential  boulevard  in 
St.  PauP°^  is  lighted  by  a  system  consisting  of  400  ornamental 
refractor  lanterns  on  standards  120  feet  apart  and  carrying  400- 
cp.  tungsten  incandescent  lamps.  In  order  to  show  the  advantages 
and  possibilities  of  improved  lighting,  a  one  mile  ''sample"  in- 
stallation of  twenty  400-cp.  lamps  has  been  placed^ °^  on  part  of  a 
twelve  mile  rural  ''white  way"  between  Kenosha  and  Racine, 
Wis.  If  satisfactory,  the  entire  district  will  be  so  lighted.  An 
ornamental  lighting  system  in  the  city  parks  of  Green  Bay,  Wis.,^^^ 
has  been  made  possible  by  the  response  to  a  suggestion  by  the  City 
Park  Commissioner  that  fifty  people  donate  $100  each  to  the  city 
to  be  used  for  lamp  posts  in  the  parks.  At  least  fifty  lo-foot 
standards  with  octagonal  lanterns  will  be  installed. 

The  outstanding  development  in  street  illumination  in  the 
city  of  Milwaukee  in  the  year  1922  was  the  entire  elimination  of 
electric  arc  lamps  and  of  gas  and  gasoline  lamps.  The  city  is 
now  hghted  entirely  by  series  incandescent  electric  lamps  of  var- 
ious sizes.     There  are  now  in  service  approximately 

3550  -  100  cp.  lamps 

1970  -  250  cp.  lamps 

2750  -  400  cp.  lamps 

1360  -  600  cp.  lamps 

530-  1000  cp.  lamps 

Attention  should  be  called  to  the  lighting  of  Kansas  City,  Mo.,^*^^ 
which  was  referred  to  in  the  May  issue  of  the  Transactions. 
Appropriation  has  been  made  for  the  rejuvenation  of  the  street 
lighting  in  St.  Louis,  Mo.^°*  Approximately  23,000  gas  street 
lamps  will  be  replaced  by  about  50,000  electric  lights.  Some  ex- 
perimentation is  to  be  carried  out  to  determine  by  actual  use  what 
type  of  lamp  and  reflector  gives  the  most  satisfactory  lighting. 
One  unit  to  be  tried  out  has  a  special  refractor  lens  placed  on  the 
sidewalk  si(l(^  of  the  lamp  to  limit  the  area  of  illumination,  light 
the  sidewalk  without  throwing  light  into  the  houses  and  illuminate 
the  area  of  the  street  well  over  to  the  other  side.     Maplewood,  a 

"**("fntrjil  Station,  Jun.  ig2j,  p.  308. 
"*KI«'c.  IUt.,  Jan.  lyaj,  p.  y. 
"•"Ibid,  April,  igij,  p.  252. 
*°'lOI(>r.  World,  Fob.  10,  1933.  p.  331. 
*°*Ibid,  Juno  23,  1923,  p.  1491. 
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suburb  of  St.  Louis,^°^  has  inaugurated  a  ''white  way'^  consisting 
of  one  hundred  and  fifty  250-cp.  series  incandescent  filament  lamps 
mounted  on  ornamental  iron  standards  spaced  50  to  80  feet  apart. 

Oak  Cliff,  a  suburb  of  Dallas,  Texas,^^^  is  putting  in  a  ''white 
way"  with  31  standards  each  carrying  a  10,000-lumen  lamp.  El 
Paso's  business  district  is  being  equipped  with  an  ornamental 
lighting  system,  the  standards  being  furnished  by  business  men. 

Central  States 

Part  of  a  plan  for  relighting  Lansing,  Mich.,^^^  has  been  com- 
pleted. It  is  claimed  that  this  is  the  first  case  in  the  United  States 
where  the  street  lighting  system  was  designed  on  the  basis  of 
architectural  uniformity.  On  the  main  business  streets,  two-light 
standards  will  be  used  with  10,000-lumen  lamps  placed  20  feet 
from  the  ground.  Secondary  business  streets  will  have  single  light 
standards  15  feet  high  with  the  same  luminous  flux  output  while 
boulevards  will  have  13  foot  standards  and  4,000-lumen  lamps. 
For  the  minor  residential  districts,  the  2500-lumen  size  will  be 
employed  with  a  mounting  height  of  1 1  feet  6  inches. 

A  system  at  Lima,  Ohio,^^^  which  was  referred  to  in  the  192 1 
Report  has  been  completed  and  details  are  now  available.  It  is 
said  to  be  noteworthy  as  a  tendency  on  the  part  of  municipalities 
to  treat  ornamental  lighting  as  a  part  of  a  scheme  to  beautify  the 
city  as  a  whole.  Another  interesting  feature  is  the  graduation  of 
candlepower,  mounting  height  and  spacing  in  accordance  with  the 
requirements  of  the  individual  streets.  In  the  public  square,  the 
posts  are  15  feet  high  with  i,ooo-cp.  lamps  and  special  refractors 
which  throw  the  light  toward  the  center  of  the  square.  On  the 
main  business  street,  they  are  13  feet  3  inches  high  and  carry  400-cp. 
lamps.  On  the  minor  business  thoroughfares  and  in  the  residential 
sections,  the  posts  are  i  foot  lower  and  carry  2  50-cp.  lamps.  Down- 
town the  spacing  is  50  feet  but  throughout  the  balance  of  the 
system,  100  feet  is  the  standard  distance.  Twelve  hundred  forty- 
five  units  are  involved,  extending  over  16.2  miles  of  streets  covering 
the  downtown  section  and  four  of  the  principal  residential  thor- 

^°^Elec.  World,  May  19,  1923,  p.  1169. 
^^°Elec.  Rcc,  Apr.  19231  P-  251. 
^^^Elec.  World,  Mar.  3,  1923,  p.  511. 
^^^Public  Works,  Sept.  1922,  p.  150. 
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oughfares.  Newark,  Ohio/^^  clamis  to  be  one  of  the  first  cities  to 
use  the  new  25,000-lumen  tungsten  filament  lamps.  They  are 
mounted  30  feet  above  the  sidewalks  in  special  bowl  refractor 
pendants  arranged  to  give  a  maximum  illumination  at  15°  below 
the  horizontal. 

The  advantage  of  good  street  lighting  in  advertising  a  city 
which  is  in  the  path  of  through  auto  traffic  has  been  recognized  by 
Freemont,  Ohio.^^^  In  redesigning  the  lighting  system,  the  follow- 
ing ideas  were  incorporated :  a  closer  spacing  of  lighting  units  on  all 
residential  streets  to  eliminate  dark  shadows  and  create  an  atmos- 
phere of  safety;  a  bright  ''white  way"  in  the  central  business 
district  which  will  attract  trade  and  dispel  an  impression  of  dead- 
ness  in  this  district  after  dark;  adequate  lighting  for  the  principal 
thoroughfare  from  city  Hmit  to  city  limit.  The  old  fighting  con- 
sisted of  328  lamps  mostly  4-ampere  magnetite  arc.  The  new 
series  has  602  incandescent  filament  lamps  ranging  in  size  from 
100  to  600  cp.  The  latter  size  is  used  in  the  main  street  on  13.5 
foot  pressed  steel  standards  spaced  80  feet  apart  on  each  side  of 
the  street  and  on  the  main  through  highway  at  a  mounting  height 
of  20  feet  and  at  distances  to  give  one  lamp  for  150  feet  of  street. 
Rippled  globes  with  refractors  are  used  for  the  glassware.  For  the 
less  traversed  streets  400-cp.,  15-ampere  lamps  are  employed  in 
rippled  globe,  dome  refractor  units  on  mast  arms  at  heights  20  to 
25  feet  above  the  ground.  On  residential  streets  250-cp.  lamps 
are  suspended  from  mast  arms  while  loo-cp.  lamps  with  radial 
wave  reflectors  are  used  in  alleys  and  outlying  districts. 

In  Cleveland,  Ohio,  increases  in  lighting  equipment  have  been 
as  follows:  eleven  4-ampere  magnetite  arcs,  one  hundred  sixty- 
four  600-cp.,  20-ampere  incandescent  filament  lamps  and  twent}^- 
oight  i,ooo-cp.  ''white  way"  lamps.  A  new  "white  way"  on  East 
105th  Street  has  been  added  to  that  already  established  on  Euclid 
Avenue.  It  consists  of  sixty-eight  1 500-cp.  units,  fifty-nine  i  ,000- 
cp.  units  and  nin(*  of  the  600-cp.  size. 

Eastern  Cities 

Buffalo  is  carrying  out  the  plan  developed  sometime  ago."'^ 
Two   hundred   inverted   magnetite   arcs   have   b(n>n   installed   on 

"•^INport  of  LiRhting  SaloH  Hureuu,  N.E.L.A..  Juiic,  lOJj.  i»    -»7 
"*I':i(«r.  Worhl.  July  14,  102J,  p.  7J- 
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Niagara  Street  and  800  more  will  be  placed  this  year  in  the  busi- 
ness district.  Syracuse,  New  York,  has  designed  a  thoroughly  up 
to  date  street  lighting  system. ^^^  Four  types  of  lighting  are  called 
for,  involving  business  streets,  main  and  secondary  thoroughfares, 
and  residential  districts.  Seven  hundred  five-lamp  ornamental 
poles  and  two  thousand  4-ampere  luminous  arcs  on  overhead  lines 
will  be  abandoned.  The  new  lights  will  be  supplied  from  under- 
ground circuits.  The  new  plan  provides  for  cast  iron  posts  with 
two  6.6-ampere  inverted  luminous  arc  lamps  with  100-foot  spacing 
and  18.5  feet  mounting  height.  On  side  streets  one-light  posts 
alternate  with  a  mounting  height  of  14.5  feet.  For  main  thorough- 
fares, cast  iron  posts  will  be  used  carrying  400-cp.  7.5  ampere  series 
incandescent  lamps  in  large  lanterns,  the  posts  being  125  to  200 
feet  apart  and  with  a  light  source  12.5  feet  from  the  ground,  and 
similar  equipment  and  spacing  for  residence  sections. 

There  has  been  no  increase  in  the  number  of  incandescent  lamps 
in  Philadelphia  since  June  1922.  However,  at  scattered  locations 
throughout  the  city  arc  lamps  have  been  erected  to  the  number 
of  406.  Arrangements  are  being  made  for  a  comprehensive  scheme 
of  lighting  by  high  candlepower  incandescent  lamps,  experiments 
for  which  have  been  going  on  for  sometime,  to  be  installed  for 
ten  miles  on  Broad  Street,  In  the  business  district  of  Boston,^^^ 
76  magnetite  arc  lamps  mounted  14.5  feet  above  the  sidewalk  on 
posts  of  the  boulevard  type  have  been  installed.  The  lamps  are 
placed  opposite  each  other  with  75  to  85  foot  spacings. 

In  New  York  City  at  the  close  of  the  year  1922,  there  were 
81,731  lamps  in  service  on  the  streets  and  in  the  parks  of  which 
7789  were  gas,  12  were  naphtha,  and  73,930  were  electric.  This  is 
a  decrease  of  1223  gas  lamps  and  an  increase  of  3614  electric 
lamps  from  the  number  in  service  at  the  beginning  of  this  year. 
The  total  number  of  lamps  installed  was  4563  and  of  this  number 
1345  were  25-watt  or  60-cp.  units  inclosed  in  a  vermilion  colored 
globe  used  in  connection  with  the  improved  fire-alarm  signal  system 
and  18  were  25-watt  lamps  used  in  connection  with  the  new  traffic 
signal  stations.  In  the  latter  six  lamps  are  installed  in  each  station, 
two  of  which  burn  continuously  during  the  hours  public  street 

"*Elec.  World,  Feb.  24,  1923,  p.  473. 
^^^Ibid,  May  26,  1923,  p.  1232. 
*^'EIec.  World  Aug.  5,  1922,  p.  294. 
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lamps  are  required  to  burn  and  four  burn  intermittently  during 
the  same  hours.  In  the  spring  of  this  year,  the  city  ofl&cially 
opened  its  mammouth  boardwalk  along  the  beach  at  Coney  Island, 
lighted  by  158  pairs  of  200- watt  incandescent  filament  lamps  of 
which  one  lamp  on  each  of  79  posts  burns  all  night  and  the  others 
burn  from  official  lighting  time  to  i  :oo  a.  m. 

A  new  and  modern  system  has  been  installed  in  Charlotte, 
N.  C."^  Gas-filled  incandescent  lamps  in  refractor  globes  con- 
stitute the  light  sources. 

Canada 

Comparing  street  lighting  on  the  basis  of  candlepower  per  100 
of  population/^^  the  following  figures  show  Canadian  practice: 


Pembroke 

1758  cp.  per 

100  of  population 

Hamilton 

1000  "     " 

Toronto 

920  "     " 

Chatham 

900  "     " 

Sarnia 

770  "     " 

London 

700  "    " 

Pembroke  is  lighted  by  230  lamps,  50  of  looo-cp.,  103  of  600-cp. 
and  17  of  loo-cp. 

Great  Britain 

Practice  in  England  is  indicated  by  the  following  table^^^  sug- 
gested in  a  report  of  a  joint  committee  and  referred  to  in  a  discus- 
sion before  the  English  Illuminating  Engineering  Society. 

Character  Minimum  Illumination  in  Foot-Candlee 

Important  Streets  0.06    to  0.1 

Good  Class  District  0.04    to  0.06 

Average  London  District  0.025  to  0.04 

Residential  London  District  o.oi     to  o  025 

Poorer  Class  District  o.oi   and  below 

In  another  discussion  on  street  lighting  before  that  Society, ^^'  it  was 
brought  out  that  in  London  the  height  of  centrally  suspended 
lamps  averages  25  to  27  fcot  with  a  spacing  of  100  feet.  Special 
fittings  and  columns  were  designed  for  the  lighting  of  St.  James' 
Park   New   Road,   London.*"     The  system  involves  ten  lamps, 

""Elor.  H«T.,  Dec.  lyaa,  p.  jpo. 
'"KIrc.  Ncwh.  Junr  I,  igaj,  p.  ft?. 
""111.  KriK  ,  Jim.  lya.i,  p.  ft. 
"'Ibid,  p.  I. 
'*'lbid,  Sept.  I02J.  p.  357. 
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each  containing  a  cluster  of  i6  super-heated  burners  providing  an 
intensity  of  approximately  looo-cp.  and  consuming  about  2.25  cu. 
ft.  of  gas  each.  The  columns  are  approximately  180  feet  apart 
and  the  height  from  the  ground  to  the  mantle  is  22  feet.  Lighting 
and  extinguishing  is  handled  from  a  tap  at  the  base  of  the  column 
controlling  a  pilot  light.  Reference  should  be  made  to  a  paper 
presented  before  the  Public  Works,  Roads  and  Transport  Con- 
gress in  England^^^  by  the  distributing  department  of  a  London  gas 
company.  In  regard  to  research  the  paper  says:  ''The  endeavor 
....  to  achieve  a  satisfactory  system  of  public  lighting  under  these 
conditions  resolves  itself  into:  (i)  the  experimental  determination 
and  specification  of  a  burner  suitable  for  use  under  the  extreme  con- 
ditions met  with  in  its  subsequent  use  in  the  streets;  (2)  the  as- 
sembling of  component  parts  for  the  bulk  manufacture  of  such 
standardized  burners;  (3)  the  verification  from  time  to  time  of 
the  duty  rendered  by  burners  supplied  in  bulk,  and  (4)  further 
experimental  work  tending  to  enhance  the  efficiency  of  the  ap- 
pliance". Data  and  curves  are  included  showing  results  of  tests 
made  by  the  company  on  street  lighting  equipment. 

Birmingham  has  22,000  public  gas  lamps.^^^  These  include  a 
number  of  high  pressure  units,  some  centrally  hung,  some  on 
30  foot  columns  on  island  junctions  in  main  thoroughfares.  On 
certain  islands,  three  low  pressure  lamps  are  installed,  the  highest 
and  middle  ones  being  fitted  with  ruby  glass  and  used  as  "safety 
first"  traffic  regulators.  In  testing  burners  for  city  lighting,  it  is 
required  that  they  must  not  pass  0.05  cu.  ft.  of  gas  less  or  more 
than  a  predetermined  amount.  Mantles  have  to  pass  certain  gauges. 

Having  decided  to  continue  gas  lighting,  Leamington,  Eng- 
land, ^^^  has  adopted  new  square  lanterns  with  inverted  fittings 
and  automatic  lighting  and  extinguishing.  In  Glasgow, ^^^  lighted 
mainly  by  flaming  arcs,  the  mounting  height  is  20  to  25  feet  and 
the  spacing  120  to  150  feet.  In  a  section  of  one  of  the  narrow 
streets  about  40  feet  broad  lighted  by  one  350-watt  gas-filled 
tungsten  lamp  in  a  directive  fitting  27.5  feet  above  the  ground, 
values  of  horizontal  illumination  i  meter  above  the  road  were 
found  to  be  as  follows:  under  lamp  on  center  line,  0.95  fc;  30  feet 

^^'Gaa-Age-Rec,  July  14,  1923.  P-  37- 

^^■^111  Eng.,  Jan.  1923,  p.  24;  Gas  Jour.,  Jan.  10,  1923.  P-  85. 

*^Gas  Jour.,  Aug.  30,  1922,  p.  481. 

*^IU.  Eng.,  Jan.  1923.  P-  i- 
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along  the  street,  0.41;  60  feet  further,  0.44;  120  feet  further,  0,067. 
In  another  stretch  of  street  with  similar  fittings  150  feet  apart, 
there  was  a  maximum  of  0.52  fc.  and  midway  between  the  lamps 
0.107  fc.  The  total  number  of  lamps  in  Edinburgh^^^  at  the  end  of 
the  fiscal  year.  May  1922,  was  1690.  Modified  lighting  as  com- 
pared to  pre-war  times  has  been  accomplished  by  reducing  the 
candlepower  instead  of  limiting  the  number  of  lamps. 

OTHER  EXTERIOR  ILLUMINATION 

Developments  in  exterior  illumination  have  been  mainly  in 
the  direction  of  sign  or  display  lighting  and  the  problems  con- 
nected with  transportation  in  one  form  or  another.  The  increased 
use  of  airplanes  for  commercial  purposes  has  necessitated  special 
consideration  of  the  lighting  requirements  of  this  type  of  navi- 
gation. 

The  Committee  on  Practical  Illumination  Questions  of  the 
German  I.  E.  S.  has  recommended  the  following  for  illumination 
values^^^  in  general  exterior  lighting  such  as  that  of  open  parkways, 
factory  yards,  railroad  yards  and  docks : 


Location 

Mean  Illumination 

Minimum  Illumination 

Railroad  trackyards 
Same  near  factory  sidings 
Streets  and  Parks 

0.2-0.5 
0. 5-1-5 

0.1-0.3 
0.2-0.5 

Light  traffic 

Heavy  traffic 

In  front  of  railroad  stations 

0.5-1-5 
1-5-5 
5     -10 

0.05-0.3 
0.3-1 
I      -2 

These  values  are  for  horizontal  illumination  at  a  height  of  i  meter 
above  the  ground. 

Pageants 

The  Tercentennial  Exposition  in  Gothenburg,  Sweden,  offered 
another  opportunity  to  employ  the  expressive  possibilities  of 
ligliting.'-^  As  a  result  the  artistic  lines  and  the  architectural 
beauty  of  the  buildings  are  said  to  be  more  evident  at  night  than 
in  daytime.  At  the  portal  of  the  Sports  Hall  advantage  has  been 
taken  of  a  small  lak(*  to  produce  a  beautiful  effect,  as  it  mirrors 
in  rainbow  streams  the  vari-colored  lights  outlining  the  building 

'"EIpc,  Sept.  8,  1922.  p.  j(>(). 
'™L.  u.  L.,  Apr.  36,  192J,  p.  307. 
"'I'op.  Mcch  ,  Auk  lyij.  p  3.\h. 
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and  the  adjoining  promenade.  In  another  building  Hghts  placed  in 
geometrical  design  behind  towering  columns  give  it  the  appearance 
of  a  glowing  jewel  guarded  by  pillars  of  steel  and  surmounted  by 
a  crown  of  fire. 

One  of  the  attractions  of  the  Rocky  Mountain  Electric  Exposi- 
tion^^"^  held  at  Salt  Lake  City  was  a  huge  ''Regional  Arch"  in 
colored  lights  and  jewels.  A  curtain  containing  some  15,000 
''jewels"  and  suspended  about  25  feet  above  the  ground  carried 
at  each  end  a  rosette  with  three  shields  containing  the  official 
emblems  of  the  six  Rocky  Mountain  states.  Each  rosette  carried 
a  lightning  burst  and  together  with  the  curtain  were  illuminated 
by  two  hidden  batteries  of  ten  18  inch  arc  searchlights  provided 
with  colored  filters. 

Again  this  year  the  Capitol  City^^^  was  elaborately  lighted,  the 
occasion  being  the  Shriners'  Convention.  At  night  Pennsylvania 
Avenue  from  the  Capitol  to  the  Treasury  Building  presented  a 
veritable  ceiling  of  lights — red,  green,  yellow  and  white, — divided 
at  intervals  by  curtains  of  light  extending  below  the  main 
canopy.  Prominent  buildings  were  floodlighted  and  Lafayette 
Square  was  brilliantly  illuminated  as  the  Court  of  Honor. 

Reference  should  be  made  to  the  spectacular  lighting  of  the 
Centennial  Exposition  at  Rio  de  Janiero,  which  was  described  in 
the  October  1922  issue  of  the  Transactions. 

Buildings 

Display  lighting  by  neon  tubes^'^  has  been  employed  in  Paris 
for  some  years.  What  is  said  to  be  the  first  example  of  outlined 
lighting  by  this  illuminant  in  England  is  that  of  the  tower  of  a 
building  in  London.  The  glass  tubes  are  30  mm.  in  diameter  and 
bent  to  the  shape  of  the  arches  and  other  main  lines  of  the  struc- 
ture. When  lighted  they  appear  as  broad  bands  of  orange  color 
but  when  extinguished  they  are  hardly  perceptible.  The  tubes  are 
connected  in  a  series  of  13  distinct  groups,  each  with  its  own  trans- 
former. 

The  problem  of  providing  light  for  a  one-day-a-week  outdoor 
market  is  taken  care  of  in  an  English  town  by  a  temporary  wiring 

*'°Southw.  Elec,  Aug.  1922,  p.  23. 
"^Elec.  World,  June  23,  1923,  p.  1490. 
^^^Elec.  Rev.,  May  11,  1923.  P-  746. 
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lay-out/^  the  erection  and  dismantling  of  which  requires  the  labor 
of  one  man  for  one  day.  Each  of  forty  to  fifty  stalls  are  supplied 
with  one  50-watt  lamp,  the  lights  being  on  until  9  p.  m. 

A  novel  instance  of  protective  lighting^^^  is  found  in  a  Detroit 
building  in  which  the  exterior  spaces  between  the  supporting 
columns  are  strongly  illuminated  by  2  00- watt  lamps  in  reflectors 
set  in  the  building  24  feet  above  the  sidewalk.  In  this  way  the 
dark  shadows  of  the  columns  which  might  conceal  loiterers  and 
cause  apprehension  in  the  minds  of  passing  pedestrians  are 
obliterated. 

Signs 

Not  a  little  general  street  illumination  in  cities^^^  comes  from 
illuminated  or  self-luminous  signs.  It  is  reported  that  while 
less  than  10  per  cent  of  city  showings  are  illuminated,  it  is  expected 
that  this  number  will  be  increased  to  20  per  cent  before  the  end  of 
1923.  Some  statistical  data  have  been  obtained  ^^^  on  the  number 
and  size  of  signs  in  eight  cities  ranging  from  10,000  to  350,000  in 
population.  The  data  show  an  average  of  one  sign  and  202 
sockets  for  every  735  persons.  Practice  in  the  number  of  signs  and 
of  sockets  was  found  to  vary  widely  in  the  different  cities.  The 
situation  in  New  York  where  another  survey  of  this  kind  was  made, 
was  referred  to  in  the  April  1923  number  of  the  Transactions. 

Again  the  claim  to  be  the  largest  electric  sign  in  the  world  has 
appeared.''^  The  letters  of  this  sign  are  56.5  feet  high,  the  vertical 
parts  being  12  feet  wide  and  the  horizontal,  10  feet  wide.  The 
outside  dimensions  of  the  structure  are  153  feet  by  75  feet  and 
the  weight  is  100  tons.  It  is  said  to  be  legible  to  the  naked  eye 
at  8  miles  and  visible  at  a  distance  of  30  miles. 

The  slow  progress  of  sign  lighting  in  England''^  is  attributed  to 
antiquated  restrictive  legislation.  Piccadilly  Circus,  undoubtedly 
the  most  conspicuous  place  in  London,  is  not  as  yet  comparable 
to  Broadway  in  its  display  lighting.  One  factor  which  has  a 
great  effect  on  tlie  lighting  situation  is  that  the  Crown,  which  owns 


'"KIi'c.  Timc.N,  Ih'c.  ji,  nj22.     p.  s80. 
•"Pop.  Mrrh.,  Doc.  igai.  p.  848. 
"'SiKfiM  of  tin-  Tiiiu'H,  Jan.  1923,  p.  ao. 
""Jour,  of  A.I.K.K.,  Doc.  I023,  p.  1033. 
"''SiKtm  of  the  Tinim,  Miir.  1023,  p.  <'J4. 
""Signn  of  the  Tiuica.  Mur.  10J3.  p.  58. 
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a  large  amount  of  property  in  the  shopping  district,  will  not  allow 
any  illuminated  signs  on  buildings  erected  on  these  sites,  and  has 
refused  to  alter  existing  laws. 

Aerial 

What  is  reported  to  be  the  first  aerial  lighthouse  in  this  coun- 
^j.yi39  jjg^g  been  put  in  operation  at  College  Point,  Long  Island, 
under  the  supervision  of  the  United  States  Lighthouse  Service. 
The  source  is  a  14-inch  navy  type  searchlight  throwing  its  beams 
upward  at  an  angle  between  45°  and  60°.  The  cross  country 
service  to  be  inaugurated  by  the  Post  Office  Department^^^  will 
necessitate  a  string  of  beacons  stretching  across  the  country. 
Lighted  emergency  fields  will  form  a  continuously  lighted  highway 
from  Chicago  to  San  Francisco,  the  part  of  the  route  covered  at 
night.  The  most  powerful  lights  will  be  located  at  each  of  the 
regular  flying  fields, — Chicago,  Iowa  City,  Omaha,  North  Platte, 
and  Cheyenne.  Each  will  be  of  600,000,000  cp.  and  will  swing 
slowly  around  on  a  tower  mounting,  being  visible  50  miles  away. 
The  intermediate  lights  will  also  be  on  towers  and  have  a  visibility 
range  of  30  miles.  As  a  final  safeguard  in  cases  of  compulsory  low 
flying,  flashing  traffic  lights  directed  upward  will  be  located  every 
three  miles.  The  huge  field  at  Chicago  will  be  outlined  with  lights 
spaced  200  feet  apart.  In  one  corner  a  large  well-lighted  arrow 
pivoted  hke  a  weather  cock  will  give  the  pilot  wind  directions.  On 
top  of  the  hangars  a  floodlight  will  throw  a  pattern  of  light  on  the 
field.  This  is  placed  high  enough  to  prevent  glare  in  the  eyes  of 
the  pilot. 

An  interesting  mathematical  study^*^  has  been  made  of  the 
probability  of  detecting  an  airplane  by  a  searchlight  beam  with  a 
range  of  10  km.  and  a  beam  solid  angle  equal  to  2°.  A  probability 
of  600  to  I  is  deduced  that  the  airplane  will  not  be  illuminated.  At 
I  km.  the  probability  is  reduced  to  3600  to  i.  If  the  solid  angle  of 
the  beam  is  reduced  to  1°,  the  probabilities  for  the  two  ranges  are 
9200  to  I  and  22,900  to  i  respectively.  Taking  into  account  the 
effects  of  duration  of  illumination,  of  beams  of  different  solid 
angles  and  different  intensities  and  also  the  influence  of  the  move- 

"'Popular  Mech.,  July  1923.  P-  S8. 
^*°C.  R.,  Sept.  18,  1922,  p.  466. 
^"C.  R.,  Sept.,  18,  1922,  p.  466. 
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ment  of  the  beam  in  sweeping  the  sky,  it  was  found,  as  would  be 
expected,  that  it  is  to  the  interest  of  the  aviator  to  fly  as  high  as 
possible.  In  a  typical  case  the  probability  of  his  escaping  de- 
tection is  increased  in  the  ratio  of  loo  to  14  when  the  flying  height 
is  increased  from  1,000  m  to  5,000  m. 

Bridges 

The  lighting  of  the  new  memorial  bridge  at  Springfield,  Massa- 
chusetts,^'^ combines  architectural  fitness  and  beauty  with  good 
engineering  practice.  Four  central  towers  80  feet  high  capped 
with  sectional  duffused  globes  6  inches  in  diameter,  each  containing 
four  500-watt  incandescent  filament  lamps,  provide  general 
illumination.  The  sides  of  the  bridge  are  equipped  with  50-  ampere 
inverted  magnetite  arcs  on  posts  18  feet  high.  Special  attention 
has  been  given  to  the  planning  of  the  lighting  system"^  of  the  new 
bridge  over  the  Mohawk  River  at  Schenectady.  Concrete  obelisks 
will  form  the  support  for  bronze  lamp  holders  and  brackets. 
These  obelisks  will  rise  to  a  height  of  21  feet  above  the  parapet 
of  the  bridge  and  will  be  spaced  at  100  feet  intervals.  The  light 
units,  1500-cp.  6.6- ampere  incandescent  filament  lamps  in  eight- 
panel  globes,  will  be  17  feet  above  the  roadway.  Another  example 
of  bridge  lighting,"^  although  in  this  case  only  temporary,  was 
that  during  the  celebration  of  the  opening  of  the  new  Broadway 
Bridge  at  Little  Rock,  Ark.  Four  batteries,  each  consisting  of 
two  i,ooo-cp.  and  threes  00-cp.  units,  were  employed  to  illuminate 
the  structure  and  placed  about  100  feet  away  on  both  sides  of  the 
bridge  and  the  river.  To  bring  out  the  center  span,  additional 
floodlights  wore  installed  about  250  feet  away. 

Transportation 

The  importance  of  good  lighting  in  railway  yards,  shops  and 
roundhouses  was  emphasized  in  a  discussion"''  at  the  January 
meeting  of  the  Society  of  Terminal  Engineers.  Yard  lighting  is 
primarily  spacer  lighting  with  th(*  following  problems  injected; 
namely,  the  presence  of  deteriorating  gases,  movable  cars  causing 

'"lOIer.  World,  I'Vb.  17,  1923,  p.  378;  Miir.  10.  i()J3,  p.  578. 
'"KIrr.  HiTonl,  I'Vb.  1933,  p.  116. 
'**Klrr.  World,  April    7,  1923.  p.  Sas- 
**'Uailwny  KIoc.  Eng.,  Jim.  19-13,  PP-  •».  I7- 
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shadows,  lack  of  clearance  between  tracks  to  place  poles,  the  pre- 
vention of  glare  that  will  interfere  with  the  operation  of  trains 
through  or  near  the  yards  and  in  some  cases  the  presence  of  over- 
head propulsion-current  wires.  One  solution  has  been  found  in 
the  use  of  i,ooo-watt  lamps  in  silvered  glass  reflectors  of  the  flood- 
lighting type.  Searchlights  of  the  400-watt  size  are  also  used. 
It  has  been  felt  that  while  flood  lamps  are  not  a  "cure  all",  their 
use  has  resulted  in  a  large  increase  in  efficiency,  decrease  in  ac- 
cidents and  a  minimum  of  expense. 

To  enable  passengers  to  enjoy  scenic  effects  at  night,  it  is 
planned  by  a  transcontinental  system  ^^Ho  equip  the  ends  of  its 
observation  cars  with  batteries  of  powerful  searchlights.  They 
will  be  arranged  to  cover  160°  with  sufficient  height  and  depth  to 
illuminate  cannons,  mountains,  rivers  and  lakes  along  the  right 
of  way.    The  use  of  colored  screens  is  also  proposed. 

The  Merchant  Shipping  Advisory  Committee  in  England^"*^ 
has  recommended  the  illumination  of  lifeboats  upon  launching. 
Equipment  for  this  purpose  provides  two  4-volt  lamps  mounted 
in  the  ends  of  battens  pivoted  upon  the  gunwale  of  each  boat.  A 
battery  furnishes  current  enough  to  maintain  the  illumination  for 
24  hours.  The  lamps  are  switched  on  through  the  agency  of  a 
float  which  acts  as  soon  as  the  boat  touches  the  water.  The  arms 
holding  the  lamps  are  adjustable  to  permit  a  larger  or  smaller 
area  of  illumination. 

INTERIOR   ILLUMINATION 

What  is  believed  to  be  the  earliest  recorded  example  of  the 
"indirect"  system  of  lighting  is  credited  to  Queen  Victoria.^^^ 
About  1890  at  her  suggestion,  the  Durbar  Room  at  Osborne  was 
illuminated  entirely  by  "deflected"  light,  not  a  lamp  or  fitting  or 
any  source  of  light  being  noticeable.  One  of  the  most  novel  uses 
for  artificial  daylight  is  that  of  providing  illumination^'*^  for  the 
examination  of  fabrics  and  articles  found  in  the  tomb  of  King 
Tutankhamen  at  Luxor,  the  object  being  to  avoid  the  necessity  of 
bringing  the  materials  out  into  the  open  air  and  sunlight  in  order 
to  distinguish  the  shades  and  colorings. 

'■'•'Pop.  Mech.,  Oct.  1922,  p.  514. 
'■•^Elec.  Rev.,  May  25,  1923,  p.  831. 
^^''Elec.  Rev.,  Sept.  8,  1922,  p.  346. 
*^^Pop.  Mech.,  Aug.  1923,  p.  201. 
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It  has  been  computed^^'^  that  there  are  four  times  as  many 
artificial  Hghting  hours  in  winter  as  in  summer.  One  and  a  half 
hours  cover  the  use  of  light  in  the  average  residence  in  June  while 
six  and  a  half  hours  is  the  average  time  for  December.  Occasion- 
ally during  the  year,  tables  of  recommended  foot-candle  values 
have  been  published  for  various  industries^^^  ranging  from  canning 
factories  and  packing  houses  to  woodworking  plants  as  well  as  for 
all  kinds  of  small  stores.  In  general,  they  show  higher  values  than 
heretofore.  Additional  data  on  the  effect  of  increased  illumination 
on  output  have  been  obtained^^^  including  the  results  of  the  post 
office  tests  referred  to  later.  In  nine  different  types  of  industrial 
work  an  average  increase  from  2.3  fc.  to  1 1 . 2  fc.  gave  an  average 
production  increase  of  15.5  per  cent.  A  test  in  a  Lancashire  coal 
mine^^^  on  behalf  of  the  Institute  of  Industrial  Psychology,  Eng- 
land, showed  over  14.5  per  cent  increase  in  output  as  the  result  of 
using  six  times  the  ordinary  illumination  as  given  by  miners' 
standard  lamps.  This  was  in  spite  of  the  very  considerable  in- 
creased weight  of  the  higher  candlepower  lamps. 

It  is  reported^^  that  many  central  stations  are  adding  a  lighting 
expert  to  their  personnel.  These  engineers  are  endeavoring  to  co- 
operate with  architects,  consulting  engineers  and  building  owners 
to  insure  as  far  as  possible  the  installation  of  good  illumination  for 
lighting  systems  in  large  buildings  of  both  the  commercial  and 
public  type,  recommended  foot-candle  values  for  which  have  also 
been  worked  out. 

Public  Buildings 

Since  the  largest  part  of  the  work  done  in  the  postal  service  in- 
volves vision  under  artificial  illumination,  it  is  gratifying  to  have 
lighting  conditions  in  post  offices  made  the  subject  of  a  government 
investigation.'^*^  A  discussion  of  this  work  was  given  in  the  Trans- 
actions for  March  i02,v 

The  lighting  of  tlie  now  building  of  the  London  County  Coun- 
cil'^ gives  an  illustration  of  present  English  practice  for  large 
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public  buildings.  In  the  main  council  chamber  are  four  bowl  fit- 
tings 5  feet  in  diameter  and  7  feet  tall  of  bronze  supported  by  bronze 
chains  about  40  feet  above  the  floor  levels.  In  each  bowl  are  ten 
300-watt  lamps.  On  the  marble  staircase  six  bronze  standards  7 . 5 
feet  high,  carrying  22-inch  opal  glass  globes  containing  300-watt 
lamps,  provide  a  decorative  as  well  as  impressive  illumination. 
Bowl  ceiling  luminairies  are  used  in  the  gallery  surrounding  the 
staircase.  The  corridors  are  lighted  by  small  bronze  ceiling  fittings 
to  the  number  of  about  500.  A  large  bronze  lantern  lights  the  ter- 
race entrance  hall  while  cast  bronze  pendants  with  20-inch  bowls 
furnish  light  for  the  street  entrance  hall.  In  the  lobbies  to  the  en- 
trance hall  are  special  bronze  ceiling  fittings  with  shallow  satin- 
finished  glass  dishes,  the  top  reflector  with  the  lamp  holder  being 
sunk  into  the  roof. 

The  Educational  Committee  of  the  London  County  Council 
has  decided  ^^^  to  replace,  in  those  elementary  school  buildings 
largely  used  at  night,  the  old  upright  mantle  burners  by  super- 
heated inverted  burners  adapted  to  existing  fittings.  A  type  of 
luminaire  will  be  employed  which  carries  a  cluster  of  small  mantles 
without  glassware  and  equipped  with  a  deep  type  of  enamel  shade 
so  as  to  screen  thoroughly  the  eyes  of  teachers  and  pupils  from 
glare. 

Canadian  practice  in  hotel  lighting^^^  may  be  seen  in  what  is 
claimed  to  be  the  largest  hotel  in  the  British  Empire.  Approxi- 
mately 5000  lighting  units  are  employed.  One-hundred-watt  gas- 
filled  incandescent  lamps  are  used  in  the  bedrooms,  25-watt  vacuum 
incandescent  lamps  in  the  bathrooms  and  corridors,  and  2 00- watt 
lamps  in  the  shops.    The  glass  was  especially  designed  for  the  hotel. 

A  new  large  hotel  in  this  country^^^  has  over  11,000  lamps. 
Among  the  novel  features  of  this  installation  may  be  mentioned 
the  use  of  wrought  iron  in  some  of  the  public  rooms.  One  lumi- 
naire in  the  men's  cafe  has  a  full  rigged  ship  of  the  galleon  type  in 
the  center  of  an  elaborate  wrought  iron  frame  work,  which  also 
carries  a  number  of  candelabra  fittings.  Another  large  wrought- 
iron  luminaire  is  in  the  palm  or  sun  room.  In  the  Hbrary  is  a  lumi- 
naire in  the  form  of  a  terrestrial  globe,  while  localized  lighting  is 
provided  by  two  brackets  over  the  fireplace  and  by  floor  and  table 
lamps.    In  the  writing  room  portables  are  combined  with  ceiling 

^^'^Gas  Jour.,  Oct.  i8,  1922.  p.  176. 
^^Elec.  News,  Aug.  i,  1923,  p.  43. 
"'Ltg.  Fix.  &  Ltg.,  July  1923,  p.  iS- 


THE   year's   progress   IN   ILLUMINATION  627 

pieces  and  localized  two-light  units  over  each  desk.  A  six-light 
luminaire  of  colonial  design  is  used  in  private  sitting  rooms  along 
with  table  lamps. 

Lighting  equipment  and  methods  have  improved  so  much  in 
the  last  twenty  years  that  redecoration  of  a  public  building  is  not 
complete  without  a  rejuvenation  of  the  lighting  system. ^^"^  A  case 
in  point  is  that  of  a  church  whose  trustees  desired  to  retain  the 
beauty  of  the  original  decorations  and  hence  had  the  new  lumi- 
naires  planned  with  this  point  in  view.  Ten  dark  bronze  pendants 
were  made,  each  fitted  with  twenty-eight  25-watt  candle-flame 
tinted  lamps.  Brackets  for  the  vestibule  and  balcony  were  de- 
signed to  harmonize  with  the  elaborate  wooden  paneling  which  is 
a  feature  of  this  church.  In  changing  over  from  a  gas  to  an  electric 
system  an  English  church^^^  used  the  original  ring  fittings  but  sus- 
pended from  each  ring  four  100- watt  lamps  in  glass  shades.  The 
illumination  values  were  increased  from  an  average  of  o.  5  fc.  with 
practically  no  light  in  the  upper  sections  of  the  auditorium  to  more 
than  1.5  fc.  with  a  range  from  0.8  to  3.  Two  loo-watt  pip- 
frosted  lamps  on  brackets  were  used  to  light  the  chancel  and  the 
illumination  at  the  middle  of  the  choir  stalls  was  increased  from 
0.7  to  7.5  fc.  The  reredos  was  lighted  with  concealed  carbon 
lamps  and  the  lecturn,  provided  with  a  specially  designed  lumi- 
naire, showed  an  illumination  of  i  fc.  A  novel  item  was  the  use  of 
two  green  40-watt  lamps  by  which  the  organist  gives  the  time  for 
the  choir  to  whom  he  is  invisible.  They  are  fixed  on  either  side  of 
the  chancel  arch  but  out  of  sight  from  the  nave.  Signal  lights  at 
the  organ  were  installed  so  that  the  organist  may  be  notified  of  the 
entrance  of  the  choir  in  the  case  of  processional  hymns. 

A  prize  fighting  ring  requires  a  lighting  system  similar  to  that 
of  some  exhibitions  and  pageants;  i.e.,  relatively  concentrated 
lighting  over  a  small  area.*'"'^  In  one  case  good  results  were  obtained 
by  installing  a  looo-watt  lamp  14  feet  above  the  center  of  the  ring 
which  was  20  feet  square.  Eight  glass  reflector  units  with  100- 
watt  bowl  frosted  lamps  were  mount (m!  on  a  i4-f()()t  square  con- 
duit frame  12  feet  high.  These  lamps  were  carefully  tilted  to  keep 
the  glare  from  tln^  (\v(\s  of  tlic  ()('('ii|)ants  of  the  pn^ss  bcMieli  located 

'""l-iKlitiiiK  I'ixdircM   A-  I.iKlitiiiK.  1'"<'I>    lu^J,  p.  H). 
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around  the  ring,  and  were  provided  with  a  piece  of  glass  at  the  bot- 
tom to  protect  the  eyes  of  the  spectators.  The  illumination  was 
45  fc. 

A  new  building,  erected  by  the  various  packing  interests  of  a 
western  city  for  industrial  expositions  and  live  stock  shows,  has  its 
arena  lighted  by  RLM  dome  reflectors  with  500- watt  lamps.  ^^  They 
are  arranged  to  be  lowered  1 2  feet  from  the  ceiling  when  extra  high 
illumination  is  desired  as  in  judging  cattle.  Normally  they  are  sus- 
pended at  the  ceiling  which  is  39  feet  high  and  produce  an  illumina- 
tion of  8  fc.  In  the  lowered  position  16  fc.  are  available.  At  the 
outer  edge  of  the  arena,  tests  showed  9  fc.  The  corridors  below  the 
seats  are  lighted  by  various  angle  type  reflectors  equipped  with 
2  00- watt  lamps  mounted  on  columns  and  side  walls. 

Galleries 

The  fading  of  colored  objects  in  museums  is  a  serious  loss  in 
many  cases.^^^  To  ascertain  corrective  measures,  if  they  exist,  a 
study  was  made  involving  exposures  on  2  5 1 5  days  during  the  eight 
years  from  i9i4toi92ion  fugitive  colors  (chiefly  synthetic  dyes). 
Maximum  fading  was  caused  by  direct  sunlight  and  diffused  sun- 
light was  found  to  be  more  destructive  than  artificial  light.  Tinted 
glasses  varied  in  their  protective  effect  according  to  their  relative 
power  to  absorb  the  violet  and  blue  rays,  but  most  of  such  glasses 
were  objectionable  because  they  altered  the  appearance  of  the  ob- 
jects viewed  through  them.  The  best  glasses  only  delayed  fading; 
they  did  not  prevent  it.  Pigments  made  with  oil  fade  less  rapidly 
than  when  made  up  as  water  color.  It  was  concluded  that  arti- 
ficial light  is  desirable  for  museums  in  order  that  the  fading  of 
objects  may  be  delayed.  This  subject  was  referred  to  in  the  Trans- 
tions  for  March  and  July,  1923. 

A  recent  art  gallery  lighting  installation^^^  is  said  to  be  different 
from  and  yet  embody  the  good  points  of  two  methods  already  in 
use  elsewhere,  one  where  the  lighting  is  accomplished  from  the 
sides  and  the  other  where  the  illumination  sitnulates  actual  day- 
light conditions  coming  uniformly  from  overhead.  In  the  case 
referred  to,  three  rooms  have  horizontal  skylights  while  that  in  the 
fourth  is  vertical.    Above  the  glass  are  placed  150-  and  200-watt 

^^Elec.  Rec,  June  1923,  p.  383. 
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blue  bulb  lamps  in  mirrored  glass  projectors.  They  direct  the  beam 
of  light  on  the  opposite  rather  than  on  the  adjacent  wall.  The  sky- 
light glass  conceals  the  light  sources  but  does  not  materially 
modify  the  distribution.  This  general  scheme  is  similar  to  that  of 
the  Cleveland  Museum  of  Art  described  before  the  Society  some 
years  ago.  The  walls  of  the  gallery  are  neutral  in  tone,  non-glossy 
and  of  low  reflecting  power.  There  is  enough  stray  light  to  make 
the  skylight  luminous  and  produce  general  illumination  in  the 
central  portions  of  the  rooms.  Outside  of  the  vertical  skylight  are 
placed  seven  weather-proof  type  floodlighting  projectors  with  500- 
watt  clear  lamps.  The  light  beams  are  directed  against  the  opposite 
wall,  painted  a  light  cream  color,  from  which  they  are  diffused  and 
illuminate  the  rest  of  the  room.  The  foot-candle  values  at  the 
12.8-  and  4-foot  levels  measured  7.2,  5.2,  and  3 .  i  fc.  on  one  wall 
and  4.6,  3.2,  and  2  .  2  fc.  on  the  other  wall.  In  the  galleries  having 
the  horizontal  skylights  at  the  same  height  levels,  the  foot-candle 
values  were  found  to  be  3.5,  2.8,  and  2.3  fc.  Some  long  narrow 
galleries  are  lighted  by  single  rows  of  totally  indirect  units. 

Theaters 

The  three-color  indirect  system^^®  continues  to  be  the  dominant 
feature  in  the  lighting  of  moving  picture  theaters.  In  order  to 
eliminate  eye-strain  and  make  the  pictures  as  clear  and  sharply 
visible  from  the  side  seats  as  those  directly  in  front,  a  movie  screen 
has  been  constructed^^'  with  a  white  surface  embossed  with  a  multi- 
tude of  small  squares  producing  an  appearance  similar  to  that  of  a 
waffle-iron.  The  accuracy  of  the  design  and  construction  of  the 
checkered  surface  determines  the  character  of  the  diffusion  and  the 
uniformity  of  the  illumination.  In  connection  with  the  design  of 
the  lighting  sj^stem  for  a  moving  picture  theater,^^^  data  were  ob- 
tained on  the  l)rightiiess  values  of  parts  of  the  picture  itself.  Sun- 
light on  the  white  clothing  of  one  of  the  actors  was  represented  in 
the  picture  by  a  brightness  of  3  .0  millilamberts;  a  reproduction  of 
a  letter  written  on  white  paper,  6  mL.;  title  background,  0.06  mL.; 
with  the  projection  machine  running  but  no  pictun%  the  screen 
brightness  was  7.0  mL.  The  screen  brightness  as  the  result  of 
general  house  ilhirnination  was  only  o.oi  niL. 
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In  a  new  theater  which  is  used  for  both  musical  and  moving 
picture  purposes/^^  an  effort  has  been  made  to  embody  the  prin- 
ciples discussed  in  a  paper  before  this  society  in  1920.^^^  These  in- 
volved permissible  general  illumination  in  the  auditorium  and 
graded  illumination  from  the  lobby  inward  while  the  pictures  are 
shown,  together  with  means  for  providing  satisfactory  illumina- 
tion when  the  hall  is  used  for  concerts.  In  the  auditorium  the  main 
object  of  interest  from  the  lighting  standpoint  is  a  large  crystal 
chandelier.  In  this  are  mounted  16  concealed  75-watt  units 
throwing  light  onto  the  ceiling  from  which  it  is  diffused  and  pro- 
vides an  average  horizontal  illumination  of  0.2  f c.  with  a  range 
from  o .  09  to  o .  52.  The  brightness  of  the  luminaire  glassware  is  on 
the  average  0.33  mL.  The  chandelier  itself  is  softly  illuminated 
to  a  point  which  prevents  it  from  being  silhouetted  as  a  dark  mass 
against  the  ceiling,  by  a  few  unconcealed  lamps  operated  at  a  very 
low  voltage.  For  low  general  illumination  when  a  concert  is  being 
given,  thirty-two  150-watt  lamps,  also  concealed  in  the  chandelier, 
throw  light  on  the  ceiling  while  ninety-six  of  the  same  size  lamps 
may  be  similarly  used  to  provide  a  high  intensity  of  illumina- 
tion. For  brilliant  effects  or  special  gala  occasions,  direct  and  spec- 
ial lighting  with  scintillating  of  the  crystals  is  produced  by  thirty- 
six  1 5-watt  and  three  hundred  eighty-four  2  5-watt  lamps  in  candles 
and  sockets  following  the  contour  of  the  chandelier  bowl.  Further 
to  equalize  the  indirect  lighting  from  the  ceiling,  100- watt  and  150- 
watt  lamps  are  concealed  above  the  tops  of  the  doors  leading  from 
the  balcony  to  the  corridors.  The  mezzanine  is  lighted  chiefly  by 
lights  in  the  cove.  All  light  sources  within  the  region  occupied  by 
the  seats  are  completely  concealed  from  the  spectators  except  the 
few  small  units  previously  mentioned.  The  graduation  of  the  il- 
lumination from  the  entrance  to  the  interior  of  the  auditorium  is 
shown  by  illumination  readings  as  follows : 

Main  lobby  just  inside  entrance 15        fc. 

Center  of  lobby 2        fc. 

Near  orchestra  foyer i        fc. 

Main  vestibule  just  inside  door o.  23  fc. 

Orchestra  foyer  just  inside  door 2.1    fc. 

Orchestra  foyer  near  aisle  entrance. o. 09  fc. 

Central  portion  of  main  floor 0.04  fc. 

'^'Jour.  of  A.  I.  E.  E.,  June  1923,  p.  569.   . 
^^"Trans.  I.  E.  S.,  IS,  1920,  p.  645. 


THE   year's   progress   IN   ILLUMINATION  63 1 

The  high  level  lighting  of  the  auditorium  gave  an  average  illumina- 
tion of  0.95  fc. 

Present  concert  hall  lighting  practice  in  Germany  may  be  seen 
in  the  re-equipment  of  the  Philharmonic  in  Berlin. ^^^  The  design 
was  turned  over  to  a  committee  of  the  German  Illuminating  Engi- 
neering Society,  the  former  lighting  having  proved  unsatisfactory. 
Six  mirror  reflectors  with  loo-watt  lamps  mounted  17  feet  high  re- 
sulted in  a  maximum  illumination  of  65  lux  (6  fc),  a  minimum  of 
20.3  lux  (i  .9  fc),  and  a  mean  of  43  lux  (4  fc).  The  light  output 
has  been  increased  almost  three  times  with  less  than  half  the  former 
wattage. 

Complimentary  colors  are  the  foundation  on  which  has  been 
built  the  lighting  of  one  of  the  most  elaborate  moving  picture 
theaters  as  yet  constructed. ^^^  When  an  object  is  lighted  on  one 
side  with  a  maximum  of  intensity  of  one  color,  the  shadow  formed 
behind  the  object,  instead  of  appearing  black,  is  lighted  with  a 
minimum  intensity  of  the  complimentary  color.  Color  has  also 
been  depended  upon  by  the  architect  to  give  an  impression  of 
depth  where  structural  limitations  prevent  actual  depth.  Primary 
colors  have  been  used  for  decoration  to  a  surprising  extent.  In  the 
main  auditorium  all  lighting  sources  are  concealed,  there  being  no 
luminaires  except  those  beneath  the  balcony.  Every  place  where 
a  light  source  of  which  10,400  in  varied  shapes  and  wattages  are 
employed  may  be  hidden,  holds  its  battery  of  spotlights  or  trough 
of  lamps.  Designed  especially  for  the  purpose  are  780  baby  spot- 
lights and  lamps  operated  by  a  motor  driven  dimmer.  Four  colors 
— red,  green,  blue,  and  amber,  in  the  order  named — focused  in  one 
direction,  increase  from  zero  intensity  to  a  maxinuun  and  then 
fade.  From  the  opposite  direction  minimum  intensities,  of  red  and 
of  blue,  light  the  shadows,  each  color  extending  over  one  cycle  of 
the  maxinuun  colors,  a  complete  cycle  requiring  16  minutes.  The 
color  variations  are  almost  limitless.  These  lights  are  also  used  to 
produce  atmospheric  effects  in  connection  with  stage  numbers  or 
musical  interpretations. 

In  an  elaborate  new  theater  (hooted  to  vauchn'iile,'"'  in  which 
the  modern  Fnuieh  note  doniinates  the  decorative  scheme,  lumi- 

"*I>.  u.  L.,  Mar.  is.  loaj,  p.  141. 
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naires  have  been  obtained  in  harmony  with  the  rest  of  the  surround- 
ings. In  the  grand  hall  are  five  large  crystal  chandeliers  containing 
60  lights  mounted  in  tiers  and  set  around  the  body  of  the  luminaire. 
Pendants  in  other  parts  of  the  interior  are  duplicates  on  a  smaller 
scale.  A  distinctive  feature  of  the  bracket  lights  in  the  main  hall 
is  an  illuminated  oval  made  of  crystal  with  a  light  back  of  the  oval, 
while  above  it  are  four  candle  arms  draped  with  crystals.  These 
brackets  are  placed  around  the  hall  while  in  four  corners  are 
torchieres  made  with  carved  wood  standards  and  a  three-tier  effect 
of  candles  with  crystal-draped  arms.  Supplementing  the  lumi- 
naires  and  brackets  are  many  floor  lamps.  Ten-light  luminaires 
are  placed  at  intervals  around  the  mezzanine  and  twelve-light  glass 
arm  chandeliers  are  installed  in  the  ladies'  room.  Under  the  soffit 
of  the  balcony  the  luminaires  are  of  an  umbrella  shape  about  3  feet 
in  diameter  and  consisting  of  a  finely  detailed  metal  form  filled  in 
solid  with  crystals,  the  frame  itself  being  three  rows  of  crystal  gar- 
lands, pentalogs,  etc.  In  the  dome  and  procenium  promenade 
three-color  cove  lighting  is  used.  In  the  dressing  rooms,  specially 
designed  luminaires  adjustable  up  and  down  add  to  the  convenience 
of  the  actors.  In  the  grand  hall  is  a  combination  lighting  standard 
and  clock  10  feet  high  in  the  Italian  renaissance  style. 

Some  novel  and  bizarre  effects  have  been  worked  into  the  light- 
ing of  an  English  moving  picture  theater.^^'*  The  decoration  is  in 
the  "New  Art"  style,  the  colors  being  daring  in  harmony  and  quaint 
in  application.  Groups  of  peculiarly  designed  lanterns  and  erratic 
colorings  hang  from  ceiling  bays,  and  wall  brackets  and  suspended 
balloon  lights  and  an  aerial  fountain  add  to  the  uniqueness.  The 
ceiling  lights  are  an  integral  part  of  the  design  of  the  ceiling  instead 
of  hanging  therefrom  and  additional  light  is  obtained  from  the 
bull's-eye  windows  in  the  frieze  and  from  bases  around  the  balcony 
front.  On  the  exterior  a  cupola,  which  dominates  the  building,  is 
floodlighted  by  24  lamps  in  addition  to  6  flambeaux. 

During  the  past  few  years  stage  lighting  has  kept  pace  with  the 
improvements  in  the  lighting  of  the  rest  of  the  theater.  A  system 
developed  on  the  continent^^^  is  said  to  simulate  convincingly 
natural  atmospheric  phenomena  on  a  single  background  by  a 
combination  of  electrical  and  optical  effects  in  conjunction  with  an 

^'^Elec.  Rev.,  Oct.  20,  1922,  p.  561. 
^'^Ibid,  Mar.  16,  1923,  p.  406. 
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artificial  horizon  which  occupies  the  whole  background  of  the 
theater.  FloodUghts,  projectors  and  spothghts  are  employed  to 
illuminate  the  acting  area.  The  system  referred  to  employes  a 
1500-watt  lamp  provided  with  a  set  of  two  deflectors,  the  upper 
mirror  reflecting  rays  which  reach  it  from  beneath,  the  lower  one 
utilizing  the  lateral  rays.  The  projectors  msLj  be  suspended 
above  the  stage  and  colored  disks  employed  to  vary  the  effect. 
These  spotlights  have  a  telescopic  lens  to  concentrate  and  focus 
sharply  on  the  object  of  interest.  By  adding  a  second  lens  and 
objective,  sets  of  spotlights  can  be  used  for  projection  purposes 
and  will  throw  definite  pictures  on  a  plane  surface.  Indirect  light- 
ing is  used  for  the  footlights  to  avoid  glare.  The  "artificial  hori- 
zon" may  have  the  shape  of  a  cupola  or  a  surface  of  a  cylinder  and 
is  a  brilliant  white.  It  can  be  erected  as  a  permanent  structure  or 
as  a  movable  screen.  Thousand-watt  tubular  lamps  in  special 
housings  containing  colored  glass  slides  are  built  up  in  tiers,  to  make 
possible  all  sorts  of  color  effects  from  moonlight  to  the  reddish  glow 
of  dawn.  Cloud  pictures  as  well  as  other  atmospheric  effects  may 
be  projected  on  the  artificial  horizon. 

Transportation 

Approximately  15,000  lamps  are  required  to  take  care  of  the 
4,000  rooms  of  the  Leviathan,  "the  queen  of  the  American  Mer- 
chant Marine".^'®  Festoons  and  decorative  lighting  are  also  pro- 
vided for.  In  the  public  places,  such  as  the  social  hall,  winter 
garden,  swimming  pool  and  dining  room,  the  lamps  are  concealed 
in  cornices.  In  addition  to  these  cornice  lights,  the  social  hall  has 
a  largo  glass  skylight  with  lamps  above  it.  Lighting  equipment  is 
provided  for  the  stage  in  this  room.  On  this  vessel,  particular  atten- 
tion has  been  given  to  the  illumination  in  the  boiler  and  engine  rooms. 

In  the  report  of  the  Committee  on  Locomotive  and  Car  Light- 
ing of  the  A.  R.  A.^''  at  this  year's  convention,  it  was  recommended 
that  a  smaller  bulb  be  used  for  the  15-watt  locomotive  cab  Ught. 
There  is  an  increased  use  for  train  lighting  of  the  25-watt,  30-volt, 
gas-filled  lamp  aiui  it  has  been  suggested  that  both  tlie  25-watt  and 
the  loo-watt  lamps  be  added  to  the  list  of  recoiiniKMided  sizes.    To 

'"N.  Iv  I..  A.  M\ill«'tin,  Apr.  i<)J,\,  p.  Joy;  Ltjt.  I'ix.  &  \Afi-,  Apr.  lyjj,  p.  ij. 
'"Uailwny  Klcc  KriK..  July  ivJj.  p.  3ii. 
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save  space  around  the  gauges  in  a  locomotive  cab/^^  one  company 
is  trying  out  low- volt  age  automobile  lamps  in  place  of  the  3  2 -volt 
lamps  ordinarily  employed.  Special  holders  have  been  designed 
considerably  smaller  than  those  previously  required,  thereby  ob- 
taining the  desired  space  saving.  A  similar  experiment  (using 
6-volt  lamps)  has  already  been  tried  out  on  another  road. 

Offices 

In  remodeling  the  lighting  of  a  large  office  and  showroom,^^^  it 
has  been  found  possible  to  replace  1068  gas  mantles  by  only  252, 
the  gas  consumption  being  reduced  from  1068  to  1008  cu.  ft.  per 
hr.  and  still  obtain  twice  the  light  previously  available.  Ten  large 
wrought-iron  luminaires  equipped  with  16  burners  carrying  three 
mantles  each  have  been  converted  into  the  semi-indirect  type  by 
putting  white  glass  panels  in  the  lower  cast  iron  bracket  and  in  the 
lower  outside  ring.  A  9-mantle  burner  has  been  employed  and  the 
floor  illumination  increased  from  3  .  5  fc.  per  sq.  ft.  to  6  fc.  In  the 
clerical  space  eighteen  lo-light  luminaires  were  used  giving  an 
illumination  of  4 .  5  fc.  at  desk  height.  These  fittings  have  been  re- 
modelled to  the  indirect  type  and  equipped  with  a  9-mantle  burner. 
The  result  has  been  8.5  f c.  at  desk  level. 

Stores 

A  survey^^^*  of  lighting  conditions  in  the  retail  stores  of  a  large 
middle  western  city  showed  only  25  per  cent  with  an  illumination 
of  5  fc.  or  better  and  only  2  per  cent  with  illumination  of  10  fc. 
Since  then  this  condition  has  been  changed  so  that  in  cigar  stores 
the  illumination  has  been  raised  from  6.9  to  14  fc;  in  grocery 
stores  from  3  . 8  to  8 .  i  fc. ;  in  drygoods  stores  from  5 . 8  to  7 .  5  fc. ; 
and  in  tailor  shops  from  3.4  to  8.1  fc,  and  in  other  stores  up  to 
10  fc.  Tests  of  the  illumination  provided  by  a  new  installation  in 
a  department  store  ^^^  showed  on  the  first  floor  an  average  of  12  fc 
directly  beneath  the  luminaire  and  6  fc.  directly  between  units. 
Similar  readings  on  the  second  floor  gave  10  and  4  fc  The  lumi- 
naires were  pendant  enclosing  globes  of  three-layer  cased  glass  and 
were  located  one  in  each  bay  and  down  the  centers  of  the  aisles  at 
24-foot  intervals.    The  average  ceiling  illumination  was  22  fc  on 

^^^Ibid,  Feb.  1923.  P-  45- 
'^^Gas  Age-Rec,  Jan.  13,  1923,  p.  37. 
^^^^  Elec.  Rec,  Jan.  1923.  p.  11. 
^^Ibid,  Apr.  1923,  p.  248. 
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the  first  floor  and  i8  fc.  on  the  second.  Mounting  heights  were 
12.5  and  II.  5  feet,  respectively,  7 50- watt  lamps  being  employed 
on  the  first  floor  and  500-watt  lamps  on  the  second. 

The  use  of  pedestals  for  indirect  lighting  luminaires^^^  has  be- 
come more  or  less  common  in  the  case  of  public  halls,  restaurants, 
etc.,  but  an  English  store  has  adopted  this  method  of  avoiding 
obstructions  on  the  ceiling.  The  standards  are  of  wood  7 . 5  feet 
high  fitted  with  three  mirror  reflectors  and  especially  designed  by 
the  architect  to  harmonize  in  finish  and  character  with  the  other 
woodwork.  The  main  units  are  supplemented  by  other  mirror 
reflectors  on  the  tops  of  shelves.  In  a  room  on  the  top  floor  lighted 
by  a  skylight,  reflectors  placed  above  the  glass  provide  a  night 
illumination  of  the  same  intensity  as  that  of  daylight. 

A  different  window  lighting  effect  for  every  night  in  the  year^^^ 
is  obtained  in  an  esistern  store  by  the  use  of  16  circuits  in  the 
window,  12  overhead  and  4  at  the  floor,  and  9  flashers.  Spotlights 
with  ball  and  socket  joints  and  fitted  with  2 00- watt  lamps  give 
light  at  any  angle  and  at  any  desired  spot.  Each  unit  has  four 
color  effects  available  at  any  angle  in  a  hemisphere.  One  of  the 
luminaire  display  circuits  is  arranged  so  that  when  the  window  and 
sign  lights  are  put  out,  one  or  more  luminaires  may  be  made  to 
flare  up  against  an  attractive  background. 

Factories 

That  there  is  still  a  great  deal  of  improvement  possible  in  all 
classes  of  lighting  in  England, ^^  both  in  the  industrial  and  resi- 
dential spheres,  is  indicated  in  an  address  on  the  subject  of  sales- 
manship and  lighting  before  the  Electrical  Development  Associa- 
tion. The  speaker  asserted  that  there  are  probably  only  30  per 
cent  of  the  factories  in  that  country  which  ''have  proj^or  lighting 
equipment."  lie  spoke  of  one  case  in  which  this  condition  had  boon 
cornK^tod.  A  factory  manager  had  rocjuostod  a  demonstration  of 
artificial  lighting  which  would  approximate  daylight  as  given 
through  a  north  skylight.  The  daylight  moiusurement  showed  20 
fc.  and  by  using  200-watt  lamps  in  industrial  reflectors  on  lo-foot 
centers,  an  ilhimination  of  15  fc.  was  obtained  and  accepted  as 

"*'i;i«'(<.,  Jnn.  36,  ig23,  p.  QS- 
'"KlcrtniKiHt.  Aug.   1933-  P-  29. 
"^'KIct.  Timi-H,  Oct.  ly,  lyJi.  p.  357. 
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satisfactory.  While  great  strides  have  been  made  in  the  Hghting  of 
offices  and  public  buildings,  generally  speaking  the  intensity  of 
illumination  is  far  too  low  and  the  standard  of  equipment  used  very 
poor.  There  are  still  in  existence  tens  of  thousands  of  drop  pend- 
ants. 

Comparison  of  productions^"*  in  a  textile-spindle  shop  under 
daylight  and  under  directed  artificial  light  indicated  2  5  per  cent  in- 
crease in  the  latter  case.  Straightening  of  the  spindles  after 
grinding  is  a  hand  operation  which  it  was  found  difficult  to  perform 
satisfactorily  under  conditions  of  varying  daylight.  An  ordinary 
shaded  lamp  was  tried  but  was  not  satisfactory  because  of  reflec- 
tions on  the  spindle.  An  angle  reflector  with  a  150-watt  lamp 
solved  the  difficulty  when  a  silvered  reflector-cap  diffuser  was 
placed  over  the  side  and  end  of  the  lamp  so  as  to  shade  in  the  direc- 
tion of  the  work.  The  result  was  no  glare  or  disturbing  reflections. 
As  all  production  of  the  plant  centered  on  the  spindle  straightener, 
an  increase  in  his  work  resulted  in  an  increased  plant  output. 

Numerous  methods  have  been  worked  out  in  the  past  for  in- 
creasing the  brightness  of  the  field  of  view  of  the  microscope. ^^^ 
Another  step  in  this  direction  is  the  use  in  the  coaxial  illumination 
Systems,  of  an  ''azimuth"  illumination  screen,  where  by  "azimuth" 
is  meant  a  direction  perpendicular  to  the  axis  of  the  microscope. 

General 

Colorimetric  chemical  analysis  by  the  use  of  "indicators"  has 
been  difficult  under  artificial  light ^^^  but  some  of  the  troubles  have 
been  remedied  by  the  use  of  artificial  daylight.  Tests  have  in- 
dicated an  accuracy  with  the  latter  in  some  cases  equal  to,  but  in 
many  cases  even  greater  than  by  daylight. 

Some  data  on  comparative  values  of  oil  and  electric  light  have 
been  obtained^^^  by  the  Agricultural  Department  of  the  University 
of  Wisconsin.  A  working  farm  foreman  did  his  usual  routine  work 
by  kerosene  oil  lamp  one  night  and  by  electric  light  the  next.  The 
results  are  shown  in  the  following  table : 

^^Elec.  World,  Dec.  30,  1922,  p.  1450. 
i85pjjyg  23.,  Feb.  15,  1923,  p.  91. 
^^Analyst,  Oct.  1922,  p.  424. 
^^^Elec.  Rev.,  May  25,  1923,  p.  807. 
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Minutes  for  Operation 


Operation  Oi 

Stabling  cows 4 

Cleaning  mangers 9 

Weighing  and  feeding  grain 31 

Feeding  silage  and  hay 39 

It  should  be  noted  that  there  are  a  good  many  factors  which  should 
be  taken  into  account  when  drawing  conclusions  from  these  data. 


Electric  Light 

3 

5  7 

75  12 

25  35 


LtJMINAIRES 

The  adoption  of  the  term  **luminaire"^^^  to  replace  the  word 
''fixture"  in  the  lighting  industry  seems  to  be  very  slow  in  spite  of 
the  efforts  of  this  Society.  At  the  winter  convention  of  the  Na- 
tional Council  of  Lighting  Fixture  Manufacturers,^^^  it  was  pointed 
out  "that  the  word  'fixture'  was  a  handicap  to  the  expansion  of  the 
industry"  but  instead  of  replacing  it  by  the  word  "luminaire"  it 
was  suggested  that  the  term  "lighting  equipment"  be  its  successor. 

In  the  exhibition  of  luminaires  at  the  convention  just  referred 
to,  the  shower  type  was  quite  generally  represented  but  the 
candelabra  idea  still  predominated.  A  decided  advance  was  noted 
in  wrought-iron  pieces.  More  attention  is  being  given  to  special 
designs  for  individual  types  of  public  buildings.^^^  Thus  for  church 
lighting,  a  finish  in  the  Gothic  is  given  to  luminaires  made  especi- 
ally for  churches  in  the  Gothic  architecture.  A  growing  use  of 
torchiers  is  indicated  by  the  new  designs  in  this  class  of  lighting 
unit.'»^ 

Gas 

A  fitting  which  converts  an  open-flame  gas  jet  into  a  mantle- 
type  burner' "2  ]^^^  ^  goose-neck  which  is  screwed  on  in  place  of  the 
open  flame  outlet  and  is  of  such  dimensions  that  it  will  fit  inside 
the  standard  shades  or  globes.  The  shade  holder  may  be  used  for 
direct  or  indirect  lighting  depending  on  whether  it  is  placed  Ik^Iow 
or  on  top  of  the  globe.  In  the  latter  case,  it  is  suspended  by  a 
threaded  knob  on  top  of  the  goose-neck. 

"•"I.iKlitinjc  KixturcB  and  LiahtinK.  Miirch  ly^j.  j).  a6. 
""'Ihid,  Feb.,  1023,  p.  IS. 
'""Ibid,  D««c.,  1032,  pp.  s.  6. 
'"lOI»»r.  Hpv.,  Aim.  'y23,  pp.  07,  loa. 
"*Pop.  Mech.,  Sept.  1022,  p.  J  JO. 
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An  inverted  super-heated  gas  luminaire  of  the  cluster  burner 
type  for  general  commercial  use  has  been  worked  out  on  the  basis 
of  being  dust-  and  insect-proof. ^^^  The  air  is  drawn  through  three 
tubes  from  the  base  of  the  corona  band  which  carries  the  glass 
globe  into  a  mixing  chamber  on  the  center  down  rod  leading  to  the 
injector  tube.  The  burner  is  fitted  with  three  mantles  controlled 
by  one  tap  and  may  be  used  interchangeably  with  any  of  the  three 
standard  sizes  of  mantles.  The  unit  is  said  to  give  a  light  of  from 
500  to  700  cp.  In  order  to  prevent  dust  collection  above  gas  lumi- 
naires,  a  special  burner^ ^^  deflects  the  heat  from  the  gas  flame  so 
that  it  is  projected  at  an  angle  outward  from  the  bowl.  A  small 
mica  baffle  suspended  below  the  burner  catches  the  mantle  if  it 
breaks  or  drops  from  the  holder. 

Street  Lighting 

The  increased  size  of  incandescent  lamps  available  for  street 
lighting  has  hastened  the  retirement  of  the  cluster  standard  in 
favor  of  the  single  light  unit.^^^  For  the  latter  a  much  more  at- 
tractive architectural  design  of  the  post  is  possible  and  it  is  now 
largely  used  for  **main  street"  lighting.  A  distinct  change  is  also 
noticeable  in  the  character  of  the  glassware  which  has  expanded 
from  a  globular  form  to  the  urn-shape,  while  the  tops  are  covered 
either  with  reflector  canopies  or  the  glass  is  so  designed  as  to  re- 
direct light  thrown  upward  and  formerly  wasted.  There  has  been 
an  increased  use  of  alabaster  rippled  globes. ^^^  A  new  glassware 
has  a  surface  made  up  with  a  number  of  rectangular  protuberances 
which  tend  to  diffuse  the  light  without  materially  altering  its 
direction,  and  is  made  in  clear  crystal  or  slightly  opalescent 
material.  The  trend  toward  panelled  lanterns  continues  and 
several  types  are  now  available.  A  new  type  of  bowl  refractor  for 
pendant  units  has  a  distribution  which  tends  to  build  up  the  light 
laterally  while  at  the  same  time  adequately  illuminate  immediately 
below  the  unit.  Experiments  are  being  made  on  a  design  for  an 
assymetrical  refractor  which  will  build  up  the  light  longitudinally 
allowing  only  a  small  portion  to  be  directed  across  the  street.  New 
designs  of  ornamental  post-top  units  have  also  been  brought  out, 

'''Gas.  Jour.,  Oct.  25,  1922,  p.  226. 

'"''Pop.  Mech.,  Jan.  1923,  p.  113. 

"^Elec.  Rec,  Apr.  1923,  p.  217. 

'^Report  of  Lighting  Sales  Bureau,  N.  E.  L.  A.,  June  1923. 
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the  light  distribution  being  controlled  by  upper  and  lower  parabolic 
reflectors  arranged  to  give  a  maximum  distribution  20°  below  the 
horizontal.  These  are  said  to  be  particularly  adaptable  for  50  foot 
to  100  foot  spacing.  A  new  highway  unit,  totally  enclosed,  has  the 
lamp  at  the  focus  of  a  parabolic  reflector  which  redirects  the  light 
vertically  downward  upon  two  refracting  prism  surfaces  and  thence 
to  the  roadway  in  two  directions. 

Industrial 

Through  the  cooperative  efforts  of  a  number  of  reflector  manu- 
facturers, glassware  makers,  and  illuminating  engineers,  an  addi- 
tion has  been  made  to  the  type  of  equipment  for  industrial  lighting 
which  has  become  more  or  less  standardized.  It  consists^"  of  an 
enameled  steel  reflector  with  a  glass  diffusing  globe  which  com- 
pletely surrounds  the  lamp.  Sections  of  the  upper  portion  of  the 
steel  reflector  are  cut  away  permitting  about  7  per  cent  of  the  light 
to  reach  the  ceiling  and  thereby  avoid  harsh  contrasts.  It  is  avail- 
able in  two  sizes,  the  reflectors  of  which  are  18  inches  and  20  inches 
in  diameter  respectively.  The  smaller  size  takes  100-  to  200- watt 
lamps,  the  larger,  300-  to  500-watt.  A  standard  socket  adapter 
makes  the  larger  reflector  adaptable  for  smaller  lamps  by  extend- 
ing the  light  center  length.  The  brightness  is  given^^^  as  2  to  5 
per  sq.  in.  and  the  efficiency  as  65  per  cent.  Both  the  bowl  and  the 
shallow  dome  type  of  industrial  reflectors^^^  have  been  adapted  for 
use  with  the  so-called  ''mill"  type  incandescent  lamp  on  pendant 
or  portable  cords  or  for  permanent  local  lights. 

A  special  heavy  duty  reflector^'^^  has  been  designed  for  indus- 
tries where  it  is  desired  to  have  strong  illumination  concentrated  on 
machines  with  enough  "spilled"  light  to  illuminate  the  aisles  and 
j)assageways.  The  unit  is  nearly  12  inches  in  diameter,  6  inches 
high  and  carries  an  adjustable  holder  so  that  it  may  be  used  with 
lamps  of  various  sizes  from  75  to  200  watts.  With  a  200-watt 
clear  lamp,  1 200  cp.  are  obtained  directly  beneath  the  reflector,  850 
to  Qoo  cp.  at  30°  to  the  vertical  and  400  cp.  at  45°,  It  will  be  noted 
that  there  is  a  rapid  falling  off  after  1 5°  and  the  cut-off  is  at  60°  to 
eliminate  glare. 

"'Klir.  Iter..  VvU.  loaj.  p.  io8;  Central  Station,  April  KjiJ.  p.  joo. 
""•jOlfT.  World.  Jan.  6.  lyjj.  p.  37. 
"**Th«'  I'ilcclraKiHt,  Aur.  igaj,  p.  50. 
'•'"I'ilcc.  lice,  Mar.  \02,\,  p.  183. 
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When  the  standardized  steel  dome  reflector  was  first  brought 
out^^^^  tests  of  seven  standard  types  covering  the  mechanical, 
thermal  and  illuminating  properties  showed  quite  a  variation.  This 
condition  has  been  remedied  to  such  an  extent  that  it  is  felt  that 
the  choice  of  these  reflectors  may  be  made  on  the  basis  of  their 
thermal  and  mechanical  characteristics  since  the  illuminating 
properties  are  very  closely  the  same  for  different  makes. 

An  effective  method  of  making  the  letters  stand  out^^^  has  been 
employed  in  a  sign  made  up  for  use  in  interiors  such  as  banks, 
offices,  etc.  The  surface  of  the  letters  is  flooded  by  light  through  an 
aperture  just  below  them  while  light  from  the  same  lamp  reflected 
by  a  mirror  is  diffusely  transmitted  through  them.  Due  to  the 
double  illumination,  the  contrast  between  the  letters  and  their 
background  is  quite  sharp  and  the  legibility  clearly  heightened. 

Luminaires 

A  dual  distribution  of  light  is  obtained  from  a  semi-indirect 
luminaire  which  has  a  bowl  of  an  ordinary  semi-indirect  type  13 
inches  in  diameter  of  heavy  density  tinted  opalescent  glass.  At 
the  bottom,  a  circular  section  has  been  removed^'^^  and  replaced 
with  a  piece  in  the  nature  of  a  lens  made  of  crystal  glass.  The  latter 
tends  to  concentrate  the  downward  light  into  a  relatively  narrow 
beam  such  as  might  be  desirable  for  lighting  a  dining  room  table. 
A  decorative  husk  covers  the  lamp  socket  and  the  whole  is  sus- 
pended by  a  chain. 

Prismatic  glass  is  used^^^  in  a  totally  enclosed  semi-direct  decora- 
tive bowl  luminaire  made  in  two  parts.  The  exterior  surface  is 
smooth  and  plain,  control  of  the  light  rays  being  effected  by  an  in- 
terior prismatic  construction  designed  to  minimize  glare  and  give 
wide  distribution.  The  top  diffuser,  besides  protecting  the  lamp 
and  the  prismatic  surfaces  from  the  accumulation  of  dust,  diffuses 
the  upward  rays  which  light  the  ceiling.  The  lower  diffusing  zone 
has  a  permanent  enameled  inner  surface, with  an  ornamental 
exterior  design. 

A  luminaire^^^  designed  especially  for  the  kitchen  has  a  ceiling 
fitting  and  holder  of  white  porcelain  enamel  or  steel.    Set  screws  to 

^°^Elec.  World,  Aug.  12,  1922,  p.  330. 
^°^Pop.  Mech.,  Jan.  1923.  P-  72. 
'^"^Elec.  Rec,  Nov.  1922,  p.  303. 
^••^Eleo.  Rev.,  Dec.  15,  1922,  p.  923. 
**The  Electragist,  Aug.  1923.  P-  48. 
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hold  the  glassware  are  avoided  by  a  spring  holder  with  no  dirt 
accumulating  projections.  A  white  diffusing  glass  9  inches  in  dia- 
meter with  a  5-inch  filter  permits  the  use  of  lamps  up  to  the  150 
watt  size. 

Hospitals 

An  apparatus  designed  especially  for  use  in  operating  rooms  of 
hospitals,  clinics,  etc.,  has  been  brought  out  in  Germany. ^^^  A  gas- 
filled  projector  type  of  incandescent  lamp  has  its  filament  adjusted 
in  a  parabolic  mirror  so  that  the  outgoing  rays  are  parallel  and  fall 
on  two  plane  mirrors  from  which  they  are  reflected  to  the  spot 
under  examination,  one  mirror  reflecting  rays  from  the  upper  half, 
the  other  from  the  lower  half  of  the  reflector.  The  latter  is  sur- 
rounded by  a  cylindrical  cover  to  prevent  stray  light.  Arrange- 
ments are  provided  for  color  filters  to  give  daylight  quality  to  the 
illumination.  Another  hospital  light  designed  to  throw  a  powerful 
but  cool  and  shadowless  illumination  on  the  subject^*^^  employs  a 
loo-watt  lamp  and  covers  an  18  inch  ring  on  the  table.  It  consists 
of  a  dioptric  lens  fitted  at  the  center  of  a  metal  saucer  around  the 
rim  of  which  are  a  number  of  silver  reflectors.  The  lamp  holder  at 
the  top  of  the  fitting  has  a  quick  release  catch  for  changing  the 
lamp  and  is  adjustable  to  any  standard  type  of  lamp.  The  bottom 
of  the  luminaire  is  closed  by  a  screen  of  tough  glass.  A  lamp  ar- 
ranged especially  for  therapeutic  work^*^^  has  an  adjustable  hood 
which  may  be  raised  to  a  height  of  7  feet,  is  mounted  on  a  lazy 
tongs  and  is  counterbalanced.  The  1500-watt  incandescent  lamp 
can  be  moved  for  focusing  in  four  positions.  At  the  lowest  posi- 
tion an  even  diffusion  of  light  results  while  at  the  highest  a  marked- 
ly hot  area  is  apparent. 

Portables 

A  new  adapter^o^  which  may  be  easily  attached  to  a  floor  or 
table  pedestal  or  used  to  convert  an  oil  lamp  to  an  electric  or  to 
make  a  himp  out  of  a  vase  has  a  top  part  in  the  form  of  an  inverted 
mirror  bowl  n^fh^ctor.  Below  this  is  an  inverted  cone  type  of 
diffusing  glass  wiiich  throws  out  sideways  and  downwards,  ligiit 

""L.  u.  L.,  l\'\).   I,  iy33,  p.  58. 
'*"l''l«T.  Kov.,  Oct.  13,  1022,  p.  536. 
^'^VAvr.   I{«'c.,  Nov.  1023,  p.  302. 
^^KU'c.  Hpo.,  Oct.  lyja.  p.  330. 
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from  two  or  more  lamps  in  sockets  just  below  it.  The  adapter  is 
intended  for  use  with  art  glass  or  cloth  shades  and  is  equipped  for 
lamps  from  75-  to  2 00- watt  in  size  in  the  reflector  and  15-  or  25- 
watt  frosted  lamps  in  the  outer  sockets. 

An  exceedingly  novel  table  lamp^^°  has  a  shade  and  standard 
made  of  cows'  horns,  the  latter  having  been  rubbed  down  with 
emory  until  transparent  enough  to  show  their  natural  color  by 
transmitted  light.  The  finished  product  is  said  to  be  of  a  very 
pleasing  and  mellow  glow. 

A  small  lamp  which  can  be  used  as  a  clamp  lamp,^"  a  stand 
lamp  or  a  suspension  type  for  the  wall  is  made  to  swivel  and  angle 
and  can  be  placed  and  will  stay  in  any  position  at  will.  It  has  a 
ball  and  socket  joint  and  a  counter-weighted  base  which  holds  the 
lamp  firmly  either  in  the  vertical  position  or  swung  through  an  arc 
of  90°.  The  clamp  works  on  a  flat  screw.  Another  portable  lamp 
for  the  living  room^^^  has  an  arm  supported  by  a  thick  braid  which 
may  be  fastened  to  the  wall  by  a  thumb  tack  or  hook  and  adjusted 
by  sliding  it  up  or  down  on  the  braid.  The  arm  can  be  fixed  so  that 
the  lamp  lies  flat  against  the  wall  as  a  wall  lamp  or  extended  over 
a  chair,  desk  or  dresser.  The  lamp  shade  is  made  up  in  a  combina- 
tion of  braid  and  mica  tinted  in  colors  to  make  the  whole  look 
artistic. 

An  electric  lamp  for  use  around  automobiles  or  by  campers^^^  is 
made  up  like  an  old-fashioned  trainman's  lantern.  It  is  provided 
with  three  standard  unit  dry-cell  batteries  concealed  in  what 
would  have  been  the  oil  reservoir.  It  can  be  set  or  hung  anywhere 
and  has  a  practically  unobstructed  light  beam  except  in  the  direc- 
tion of  the  base. 

Accessories 

For  use  in  shades  an  impregnated  silk  is  available^^'^  which  is 
said  to  be  stiffer,  to  have  improved  qualities  of  diffusion,  and  to  be 
more  readily  cleaned  than  material  ordinarily  used,  as  well  as 
being  practically  non-inflammable.  So  much  effort  has  been  ex- 
pended in  designing  luminaires  so  that  the  lamps  will  be  kept  free 
from  dust  and  dirt  that  it  is  not  surprising  that  some  energy  has 

^'°Pop.  Mech.,  Oct.  1922,  p.  604. 
^^^Elec.  Merch.,  Jan.  1923.  P-  3063. 
^^^Elec.  Rec,  July  1923.  P-  42. 
^^^Elec.  Merch.,  July  1923.  P-  35 lO- 
^^^Illum.  Eng.,  Nov.  1922,  p.  307. 
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been  deflected  to  produce  a  protector  for  the  handsome  silk  or  other 
cloth  lamp  shade  which  adorns  a  table  lamp.^^^  This  protector  is 
made  of  a  transparent  durable  material  which  is  said  to  have  the 
transparency  of  glass  and  is  impervious  to  the  finest  particles  of 
dust.  These  covers  range  in  size  from  i8  to  30  inches  in  diameter, 
and  can  be  obtained  in  white,  old  rose,  blue,  or  gold  colors.  A 
hanger  for  an  ornamental  dining  room  luminaire  of  the  general 
dome  type^^^  is  made  of  wood  fiber  finished  in  antique  silver. 

In  order  to  convert  a  direct  lighting  luminaire^^^  to  an  indirect 
without  discarding  the  old  chain  or  reflector,  a  device  has  been 
worked  out  which  has  the  form  of  a  bent  rod  carrying  an  ordinary 
plug  at  one  end  which  screws  into  the  existing  socket ;  at  the  other 
end  is  an  inverted  socket  into  which  the  lamp  is  screwed,  and  which 
carries  the  reflector  or  globe  holder.  The  whole  is  concealed  b}^  a 
silk  shade. 

The  electric-light  switch  plate^^^  as  mounted  on  the  walls  of  a 
residence  is  ordinarily  finished  in  brush  brass  or  bronze  and  is  not 
decorative  in  character.  Attention  has  been  given  to  this  small 
feature  of  the  room  equipment  and  plates  are  now  being  hand- 
painted  in  four  color  combinations  and  radium  treated  to  make 
them  easily  found  in  the  dark.  Another  opportunity  for  decorative 
improvement  has  been  found  in  the  pull  chains  for  floor  and  table 
lamps.2'^  These  chains  formerly  ending  in  a  button  or  knob  may 
now  be  fitted  with  a  colorful  object  such  as  an  owl  or  a  humming 
bird,  a  bit  of  rare  rock  or  amber  or  the  chain  may  be  a  string  of 
beads  of  various  colors.  A  still  more  elaborate  touch  is  the  switch 
operated  in  the  old-fashioned  bell-rope  style.  This  switch  pull  is  a 
long-woven  silk  ribbon  hanging  against  the  wall  and  reaching  to 
the  ceiling.    It  is  made  in  mulberry,  rose,  old  gold,  and  other  colors. 

A  screwless  shade  holder-"  for  luminaries  has  on  the  inner  sur- 
face of  the  holder  three  spring  fingers.  These  fingers  are  forced 
inward  against  the  outside  lip  of  the  bowl  by  means  of  a  sim|ile 
locking  ring.  To  facihtate  tlie  installations  of  window  lighting 
reflectors  a  scjuare  steel  tubing  already  wired  is  obtainable.-*    The 
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contractor  installing  the  equipment  merely  sends  the  dimensions 
and  location  of  the  outlets  to  the  manufacturer  and  receives  the 
tubing  prepared  so  that  all  that  is  required  is  the  connection  of  the 
wires  at  the  end  to  the  lighting  main  and  the  placing  of  a  few  hanger 
screws. 

An  automatic  electric  time  switch^^i  which  turns  street  lamps 
on  and  off  at  predetermined  times  has  been  amplified  so  that  it 
takes  care  of  seasonal  variations  on  the  lighting  schedule.  The 
device  follows  the  sun  and  automatically  controls  the  clock  me- 
chanism which  operates  the  switch. 

A  very  simple  device  for  locking  incandescent  lamps^^  against 
removal  by  theft  has  come  out  in  Germany.  A  hole  is  bored 
through  the  shell  of  the  lamp  socket  and  the  threaded  part  of  the 
lamp  base.  A  split  ring  has  an  inside  projection  which  fits  into 
these  two  holes.  As  the  lamp  is  screwed  in,  this  projection  fol- 
lows the  threads  until  the  hole  in  the  base  is  reached  when  it  snaps 
in.  The  lamp  must  be  broken  to  remove  it.  Numerous  other 
devices  to  prevent  stealing  have  been  brought  out  in  that  country. 
One  of  these^^'^  has  an  elaborate  arrangement  of  adjusting  rings, 
each  carrying  on  its  circumference  ten  letters  which  must  be  orient- 
ed properly  to  permit  the  lamp  to  be  removed  after  it  is  once  set. 

A  change  has  been  made  in  the  condenser  which  is  part  of  the 
projection  apparatus  employed  with  incandescent  filament  lamps 
in  moving  picture  work.^^^  Sufficient  glass  was  taken  from  the 
center  of  the  condenser  to  make  the  two  halves  slightly  offset  the 
images  of  the  filament,  thereby  interposing  on  the  curtain  the 
bright  bands  of  one  field  on  the  dark  bands  of  the  other.  An 
evenly  illuminated  surface  is  claimed  together  with  a  greatly  in-, 
creased  picture  illumination  due  to  greater  possible  concentration 
of  light  on  the  film. 

Cleaning  and  Ventilation 

The  effect  of  dirt  in  general  on  decreasing  the  efficiency  of 
lighting  installations^^^  is  a  matter  of  common  knowledge  but  a 
recent  investigation  undertook  to  classify  the  kinds  of  dirt  which 
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accumulate  in  representative  industries,  and  to  determine  the  effect 
of  cleaning.  Typical  lamps  were  obtained  from  automobile,  paint 
and  varnish,  chemical  and  storage  battery  industries,  machine 
shops,  factories,  transportation  offices  and  warehouses.  Sixty  per 
cent  of  the  companies  visited  did  not  clean  their  lamps  at  all,  ^^ 
per  cent  cleaned  at  infrequent  intervals,  and  only  7  per  cent 
cleaned  frequently  at  regular  intervals.  Four  separate  classes  of 
dirt  were  encountered — dust  and  dry  dirt,  smoke,  etc.;  oily  dirt 
and  grease;  paints  tar,  varnish,  and  pitches;  and  acid  fumes — 
given  in  the  order  in  which  they  most  frequently  occur.  The  av- 
erage per  cent  increase  in  illumination  after  wiping  was  77. 7, 
84.7,  37.2  respectively;  and  the  average  per  cent  increase  after 
washing  was  78.4,  47.0,  and  67.2,  no  measurements  being  made 
on  the  lamps  coated  by  acid  fumes. 

The  effect  of  dirt  is  just  as  important  in  reducing  the  illumina- 
tion due  to  natural  lighting  passing  through  windows,  skylights, 
etc.,  as  in  the  case  of  artificial  illuminants.  When  clean  the  various 
ribbed,  rippled,  pebbled,  and  clear  glasses  employed  in  industrial 
plants  transmit  from  70  to  90  per  cent  of  the  incident  light.  The 
accumulation  of  soot  dust,  rust  etc.,  reduces  this  transmission  very 
quickly.  Tests  on  seven  sample  glasses  just  as  they  were  taken 
from  shops  and  after  they  were  cleaned  showed  that  the  daylight 
illumination  in  these  plants  would  be  increased  from  4  to  1 5  times 
if  the  entire  glass  were  cleaned.^^^ 

Additional  evidence  has  been  obtained  in  a  northern  city^^  of 
the  desirability  of  not  ventilating  street  globes  containing  400-  to 
600-cp.  lamps.  Ventilated  globes  allowed  the  entrance  of  snow  and 
caused  lamp  failures.  The  non-ventilated  units  were  found  to 
radiate  enough  heat  from  their  exposed  surface  to  avoid  harmful 
temperature  rises. 

photometry 
The  photometric  work  done  by  the  Gorman  Bureau  of  Stand- 
ards (P.  T.  R.)  in  IQ2I  involved  testing  47  hofnor  lamps,-^  40  car- 
bon and  3.^5  metal  filament  lamps,  3  glimm  and  i  mercury  vapor 
lami),  3  kinds  of  carbons  for  direct  current  arcs  and  2  metallic  re- 
flectors.    Forty-two  materials  were  examined   for  light    lost    by 

"'jour.  of  I'riink.  In«t.,  Ort.  lyaa,  p.  546. 
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reflection  and  absorption.  The  carbon  lamps  and  235  of  the  .metal 
filament  lamps  were  used  as  standards.  Work  has  also  been  done^^^ 
on  the  proposed  light  unit  based  on  black  body  radiation  at  1700° 
absolute  and  wave-length,  0.656.  The  result  indicated  the  desir- 
ability of  using  a  higher  temperature  and  shorter  wave-lengths. 

At  the  National  Physical  Laboratory,  England,  the  work  on 
ships'  navigation  lights  has  been  continued.^^^  An  experimental 
building  has  been  constructed  for  the  investigation,  by  means  of 
scale  models,  of  problems  in  the  natural  and  artificial  lighting  of 
buildings. 

Units 

To  realize  the  black-body  standard  of  light^^^  a  special  furnace 
has  been  constructed  in  which  the  carbon  heater  tube  operates  in  a 
vacuum  and  has  cooled  copper  conductors  fitted  into  its  slotted 
ends  to  make  as  positive  a  contact  as  possible.  Contact  pressure  is 
obtained  by  an  elastic  ring  of  heat-resisting  steel  embedded  in  the 
entrance  of  the  tube. 

The  hef ner  lamp  is  the  official  standard  for  maintaining  the  unit 
of  light  in  Germany.2^^  'pj^^  effect  of  barometric  pressure  on  the 
light  intensity  of  the  hefner  has  been  determined  a  number  of  times, 
notably  in  191 1  when  the  work  was  done  in  a  pneumatic  chamber. 
A  new  investigation  has  been  made  at  four  different  altitudes — 
Vienna,  (165  m.),  Bockstein  (1125  m.),  Maserboden  (1965  m.),  and 
Sonnblick  (3100  m.).  Three  lamps  certified  by  the  P.  T.  R.  were 
used  in  the  test  and  the  results  showed  an  average  change  of  o .  0004 
h.c.  per  mm.  change  in  the  barometric  pressure,  exactly  confirming 
the  data  previously  obtained  in  the  pneumatic  chamber. 

Instruments 

A  new  lumen-meter  or  lux-meter  has  been  brought  out  in 
Germany.2^*  ^j^  effort  has  been  made  to  combine  the  convenience 
of  the  most  portable  types  already  in  existence  with  the  accuracy  of 
the  more  complicated  instruments.  Errors  of  measurement  are 
said  to  be  of  the  order  of  5  per  cent  to  10  per  cent.  The  compari- 
son lamp  is  held  in  a  small  box  and  operated  at  reduced  voltage 

""Zs.  f.  Inatr.,  Mar.  1922,  N.  P.  R. 
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giving  a  reddish  light  but  long  life  and  constancy.  It  illuminates 
the  whitened  interior  of  a  box  which  at  the  end  opposite  the  lamp 
is  closed  by  a  piece  of  blue  glass  in  contact  with  a  milk  glass  plate. 
The  resultant  color  matches  that  of  a  tungsten  lamp  at  normal 
voltage.  The  box  is  divided  into  two  parts  separated  by  a  parti- 
tion containing  a  series  of  small  circular  holes,  and  a  disk  with  a 
corresponding  series  of  the  same  sized  holes.  Moving  the  disk  by  a 
knurled  wheel  operating  a  worm  changes  the  extent  to  which  the 
holes  in  the  disk  coincide  with  those  in  the  partition  and  thus 
changes  the  amount  of  light  which  reaches  the  milk  glass  screen, 
in  steps  which  can  be  calculated.  This  screen  is  seen  in  one  half  of 
the  circular  observation  field,  the  other  half  being  a  white  (barium 
sulphate)  screen  which  receives  the  illumination  to  be  measured. 
The  field  is  observed  at  an  angle  of  35°  or  40°.  To  increase  the 
range  from  10  to  100  lux,  the  barium  sulphate  receiving  screen  is 
replaced  through  the  rotation  of  a  disk,  by  one  which  reflects  only 
10  per  cent  of  the  incident  light,  while  higher  values  may  be  meas- 
ured by  using  other  screens  of  still  greater  absorption  power.  In 
this  way  illuminations  of  i  to  500  lux  may  be  measured.  Lower 
illuminations  are  taken  care  of  by  interposing  a  dark-blue  glass 
plate  in  the  comparison  lamp  beam.  The  total  range  of  the  in- 
strument is  given  as  from  o .  01  to  500  lux.  The  whole  is  contained 
in  a  portable  case  which  also  carries  the  dry  battery  for  operating 
the  comparison  lamp. 

Improvements  have  been  made  in  the  shadowmetcr^^  (Schat- 
tenmesser)  described  in  the  Report  for  1920-^'^  and  used  for  illumina- 
tion measurements.  A  thin  curved  "shadow  caster"  makes  the 
angular  diaphragm  and  a  "shadow  seeker,"  consisting  of  a  needle 
placed  perpendicular  to  the  center  of  the  disk,  determines  the  direc- 
tion in  which  the  individual  light  sources  throw  shadows  on  the 
working  plane.  The  cube  instead  of  the  sphere-^^  for  total  luminous 
flux  measurements  has  been  the  subject  of  study  in  Ijigland  for 
some  years.  An  extension  of  this  idea  is  a  so-called  lumen  com- 
parator which  consists  of  a  rectangular  box  painted  white  on  the 
interior  and  divided  into  two  cubical  portions  by  a  e(Mitral  dia- 
phragm which  also  divides  i\w  observation  window.    The  lamps  to 
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be  compared  are  placed  in  the  two  divisions  and  comparisons  made 
between  the  relative  brightness  of  the  two  windows. 

Another  photometric  device^^^  is  a  modification  of  the  integrat- 
ing photometer  described  in  the  Report  for  19 19  (Trans.  I.  E.  S.  14 
19 19,  p.  370)  and  employs  a  square  or  rectangle  as  the  geometric 
outline  to  support  the  diffusing  plates  instead  of  the  circle. 

Photometric  equipment^^^  for  use  with  the  Ulbricht  sphere  de- 
signed along  somewhat  similar  lines  to  those  of  a  foreign  apparatus 
referred  to  in  the  19 18  Progress  Report  has  been  made  in  this 
country.  A  suitable  comparison  lamp  is  enclosed  in  a  rectangular 
box  whose  interior  surfaces  are  painted  with  the  same  paint  as  that 
in  the  sphere.  In  the  end  of  the  box  toward  the  photometer  head 
is  an  opal  glass  window,  in  front  of  which  moves  vertically  a  metal 
slide  with  a  V-shaped  opening  and  back  of  which  are  two  broad 
horizontal  bars  forming  an  adjustable  space  between  them.  Thus 
the  area  of  the  window  may  be  altered  continuously  and  in  turn 
the  illumination  on  the  photometer  screen  from  which  it  is  some  30 
cm.  distant.  The  slide  with  the  V-shaped  opening  carries  three 
photometric  scales.  The  apparatus  has  been  modified  by  removing 
the  opal  glass  from  the  window  in  the  box  and  placing  the  lamp 
out  of  the  line  of  view  of  the  photometer  which  then  receives  its 
illumination  from  the  back  wall  of  the  box. 

A  spectrophotometer ,^°  constructed  primarily  for  the  measure- 
ment of  spectral  reflection  from  surfaces,  consists  of  a  hollow  sphere 
containing  four  incandescent  electric  lamps  illuminating  indirectly 
a  sample  and  a  standard  white.  The  light  from  the  two  fields  is 
reflected  through  a  rotating  sectored  diaphragm  and  into  a  spectro- 
meter. By  this  means  the  ratio  of  the  light  reflected  by  the  sample 
to  that  reflected  by  the  standard  is  measured  in  the  different  wave 
lengths.  Another  spectro-photometer  measures  the  spectral  trans- 
mission of  liquids.  It  consists  of  a  constant  deviation  photometer 
in  combination  with  an  ''exponential"  or  "variation  of  thickness" 
photometer.  A  unique  feature  of  the  latter  is  the  use  of  two  totally 
reflecting,  partially  immersed  rhombs,  so  that  one  of  the  two  beams 
of  light  employed  is  diverted  through  a  variable  thickness  of  liquid 
depending  on  the  thickness  of  the  rhombs.     The  instrument  is 

^^Elek.  Zeit.,  July  12,  1923,  p.  665. 
^'Jour.  of  Frank.  Inst.,  Oct.  1922.  p.  543. 
^^'Jour.  of  Opt.  Soc.  of  Am.,  Jan.  1923,  p.  98. 


THE   year's   progress   IN   ILLUMINATION  649 

direct  reading  in  transmissivity,  log  of  transmissivity,  and  wave- 
length. It  does  its  own  computing  automatically  and  a  spectral 
curve  may  be  determined  and  plotted  in  a  few  minutes.  It  is  ex- 
pected that  this  instrument  will  be  of  special  value  in  technical 
examination  of  oils,  dye  solutions,  sugar  solutions,  etc. 

Heterochromatic  Photometry 

It  is  well  known  that  where  the  sources  compared  are  consider- 
ably different  in  color^''^  corresponding  to  black-body  distributions 
at  wide  intervals  of  temperature,  the  Crova  method  involves  errors 
of  appreciable  magnitude.  A  modification  of  this  method  permits 
comparison  where  the  color  differences  corresponding  to  tempera- 
ture differences  are  as  much  as  2,000°.  A  standard  is  employed 
whose  temperature  can  be  determined  and  hence  the  relative  in- 
tensity at  different  temperatures  computed  for  the  Crova  wave- 
length 0.582M.  The  ratio  of  the  emission  at  this  wave  length  of  the 
unknown  to  that  of  the  standard,  if  raised  to  the  i .  015  power,  will 
give  the  correct  ratio  of  the  luminous  intensity  to  within  less  than 
2  per  cent.  This  formula  can  be  used  for  a  standard  whose  temper- 
ature lies  between  2000°  and  3000°.  A  more  elaborate  formula 
based  on  the  De  Lepinay  method  using  measurements  at  two  wave- 
lengths is  suggested  for  standards  whose  temperature  limit  is  be- 
yond 3000°. 

Another  solution  of  the  difficulties  of  heterochromatic  photo- 
metry^"  is  offered  in  a  color-match  photometer,  a  three-color  mix- 
ture instrument  in  which  the  primaries  are  of  equal  luminous  value 
and  of  just  sufficient  purity  to  reproduce  by  their  mixture  all  of  the 
common  illuminants.  The  optical  arrangement  is  such  that  the 
illumination  of  the  comparison  field  remains  constant  as  the  color 
is  varied  to  match  the  standard  or  test  illumination.  A  400-watt 
projection  type  incandescent  lamp  is  employed  in  which  the  parts 
of  the  filament  are  in  one  plane.  An  image  of  the  filament  is 
focused  on  a  ground  glass  window  in  a  hexagonal  box  with  whitened 
interior  walls.  Th(^  liglit  diffused  by  the  window  helps  to  illuminate 
one  si(i(^  of  tlu;  box,  the  remaining  illumination  coming  from  the 
other  walls.  Opposite  the  window  the  box  is  closed  by  an  (extended 
white  surface  illuminated  by  the  source  to  be  measured.  This  sur- 
face and  th(5  si(i(^  of  the  box  arc  observed  by  means  of  a  photometric 

'*'(-()rnpt«<  Hcndu,  Oct.  aj,  1923,  p.  688;  Ilov.  d'Opt.,  I'Vb.  lyjj,  p   .jj 
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prism  and  an  optical  train.  The  composition  and  intensity  of  the 
light  falling  on  the  diffusion  chamber  are  controlled  by  colored 
glasses  and  a  variable  aperature  slide.  This  instrument  is  said  to 
make  possible  the  determination  of  the  most  difficult  part  of  mono- 
chromatic analysis  measurements,  namely  the  illumination  values 
of  the  color  and  its  constituent  white.  Methods  and  diaphragms 
have  been  developed  for  transforming  trichromatic  data  to  other 
sets  of  trichromatic  primaries  and  to  the  monochromatic  system, 
and  the  graphical  methods  are  applicable  to  measurements  of 
illuminants. 

Another  comparative  study  has  been  made  of  the  flicker  and 
equality-of-brightness  methods  of  color  photometry.^^^  Four 
spectral  hghts  were  photometered  against  a  32  cp. — 4.85  wpc. 
carbon  lamp  by  the  two  methods  with  illumination  of  12.5,  25, 
and  50  mc.  The  rise  in  sensation  in  just  noticeably  different  steps 
of  brightness  was  determined  for  each  of  these  lights  and  intensi- 
ties with  the  same  observers  and  state  of  adaptation  of  the  eye. 
The  effect  of  variation  in  intensity  was  determined  by  using  seven 
values  including  the  three  previously  mentioned.  One  intensity 
was  found  for  each  pair  of  lights  at  which  agreement  occurred  with 
the  most  sensitive  speed  of  rotation  of  the  flicker  disk.  Values  of 
this  intensity  were  found  to  be  widely  separated  for  the  four  pairs 
of  lights.  Each  pair  of  lights  was  rated  by  the  equality-of-bright- 
ness method  with  a  length  of  exposure  equivalent  to  that  of  the  in- 
dividual exposures  used  in  the  flicker  method.  In  these  cases, 
agreement  of  the  two  methods  was  obtained  within  the  limits  of 
judgment  between  o .  4  and  i .  5  per  cent  for  the  flicker  and  i .  3  to 
2 . 7  per  cent  for  the  brightness  method.  It  was  concluded  among 
other  things  that  "no  differential  summation  effect  is  produced  by 
the  succession  of  exposures  used  in  the  method  of  flicker." 

For  the  measurement  of  the  light  absorption  of  solutions,^^  a 
compensation  principle  employing  two  photoelectric  cells  enables 
the  null  method  to  be  used.  With  this  arrangement  and  a  mercury 
vapor  lamp  as  a  source,  the  absorption  of  solutions  of  potassium 
chromate  in  caustic  potash,  copper  sulphate  in  ammonia,  azoben- 
zene  in  alcohol,  for  the  mercury  lines  between  0.254  and  0.579JU 
was  determined. 

*"P8ych.  Bui..  Feb.  1923,  p.  87. 
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Computations 

Using  mathematical  processes^^^  based  on  the  theory  of  the  in- 
tegrating sphere,  a  series  of  formulae  have  been  developed  for  the 
determination  of  the  effect  on  illumination  of  diffuse  reflection 
from  walls  and  ceilings  of  enclosures  of  various  shapes.  Correc- 
tions have  been  worked  out  for  the  effect  of  corners  and  other  ir- 
regularities. Another  monographic  chart^^^  has  been  worked  out  for 
the  solution  of  problems  of  illumination  design,  based  on  a  method 
of  computation  referred  to  in  the  192 1  Report  of  this  Committee. 
The  chart  is  said  to  simplify  the  operation  of  computation  and 
eliminate  the  use  of  all  tables  of  coefficients  and  angles  without 
sacrificing  any  of  the  accuracy  of  the  method.  The  latter  is 
equally  applicable  to  direct  or  indirect  lighting,  either  by  using 
the  distribution  curve  of  the  luminaire,  or  foot-candle  values  in 
one  plane,  and  enables  the  determination  either  of  the  proper  height 
of  the  luminaire  or  the  necessary  luminous  intensity  of  the  unit. 

PHYSICS 

In  that  branch  of  physics  of  particular  interest  to  the  illumina- 
ting engineer,  the  subject  of  luminescence  seems  to  have  been  given 
an  unusual  amount  of  attention  during  the  past  year.  The  sub- 
ject has  been  studied  from  the  standpoint  not  only  of  its  produc- 
tion but  also  of  the  many  factors  which  influence  its  character.  The 
nature  of  fluorescent  light  is  such  that  it  is  not  unreasonable  to 
suppose  that  the  next  big  advance  in  the  development  of  an  effi- 
cient source  will  come  from  this  great  class  of  light  producers. 

Light  Sources 

Further  experiments  on  the  emissivity  of  platinum  and  tung- 
sten^'*^  using  the  micropyrometer  method,  have  shown  that  the 
emissivity  is  independent  of  the  temperature  for  platinum  between 
room  temperature  and  1 7  io°C  and  for  tungsten  between  2000°  and 
32oo°C.  The  values  at  X  =  0.647M  were  0.348  for  platinum  and 
0.49  for  tungstrn;  at  X  =  0.536/^,  they  were  0.363  for  phitinum 
and  0.49  for  tungsten.  The  melting  point  for  tungsten  was  also 
determined  and  found  to  be  33 7o°C  ±  50°. 

Several  years  ago  it  was  discovered''***  that  a  fine  wire  through 
which  is  passed  the  discharge  of  a  high  voltage  condenser  vaporizes 

*"I':.  T.  Z..  Oct.  li,  u)jj,  p.  136a. 
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as  if  exploded,  with  a  flash  of  light,  the  radiation  of  which  corres- 
ponds to  that  of  a  black  body  at  a  temperature  of  about  2o,ooo°K. 
A  spectral  study  of  this  light,  using  wires  of  Fe,  Cu,  Ag,  Au,  Mg, 
Zn,  Cd,  Al,  Sb,  Pb,  Ni,  T,  gave  for  all  a  continuous  spectrum  of  the 
same  general  intensity. 

So  much  comment  has  been  made  from  time  to  time  on  the 
ultra-violet  radiation  in  the  ordinary  artificial  light  sources^'*^  that 
information  on  the  amount  in  sunlight  is  of  value  and  interest. 
Measurement  on  this  subject,  corrected  for  absorption  in  the  solar 
atmosphere  and  using  the  positive  crater  of  an  arc  for  a  comparison 
source,  gave  the  following  results: 

Ratio  Temp.  Abs. 

Wave-length  Sun /Arc  of  Sun 

0.3940^1  40  6016° 

0.3620  50  5931 

0.3143  79  5832 

0.3022  112  5959 

0.2922  134  5970 

The  temperature  of  the  arc  crater  was  taken  at  3750°  absolute.  The 

sun  temperature  was  computed  assuming  the  energy  distribution 

of  the  arc  to  be  that  of  a  black  body  at  the  same  temperature. 

The  color  temperature  of  daylight^^^  has  been  determined  by 
the  rotary  dispersion  method.  The  comparison  source  had  a  color 
temperature  of  2848°K.  For  the  northwest  sky,  the  color  tempera- 
ture varied  from  687o°K  for  a  uniformly  overcast  condition  to 
241 5o°K  for  a  clear  blue  state.  A  horizontal  surface  illuminated  by 
the  whole  sky  showed  a  color  temperature  of  65oo°K  for  a  bright 
overcast  condition,  72  2  5°K  for  a  broken  overcast  condition  with 
pale  blue  on  one  day  to  over  2  5,ooo°K  on  another  day  with  pale 
blue  above  and  the  horizon  hazy.  On  a  day  with  direct  sunlight 
and  a  bright  light  haze  in  the  atmosphere,  the  color  temperature 
was  53oo°K.  Measurements  of  the  brightness  of  the  moon^^^  and 
the  color  temperature  of  moonlight  gave  for  total  light  0.24  c. 
per  cm.2  and  a  temperature  of  4125°  absolute.  Taking  the  color 
temperature  of  sunlight  as  5600°  absolute,  the  difference  indicates 
the  selectivity  of  the  observed  area  of  the  moon,  the  reflecting 
power  for  total  light  being  0.07. 

^'C.  R.,  July  i7i  1922,  p.  156. 

^^Jour.  of  Opt.  Soc.  of  Am.,  Jan.  1923,  p.  78. 

^^Nature,  Apr.  21,  1923,  p.  532. 
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A  continuation  of  the  earlier  work  on  the  effect  of  temperature 
on  the  current  in  discharge  tubes^^^  has  been  obtained  with  gases 
other  than  air.  With  hydrogen  and  carbonic  anhydride,  the  in- 
crease in  current  with  increase  of  temperature  was  found  to  be 
much  more  marked  than  with  air.  The  temperatures  employed 
ranged  from  -i8o°  to  2  75°C. 

A  report  has  been  made  to  the  Optical  Society  of  America  on 
stellar  and  planetary  radiometry^^  which  reviews  knowledge  ob- 
tained since  1920  on  the  radiation  intensity  and  temperatures  of 
the  planets.    A  bibliography  is  included. 

Luminescence 

On  the  subject  of  luminescence,  reference  should  be  made^^  to  a 
Bulletin  of  the  National  Research  Council  which  discusses  present 
knowledge  and  contains  an  elaborate  bibliography. 

If  tungsten  is  used  as  an  anode^^^  in  a  concentrated  solution  of 
H2SO4  with  an  applied  voltage  of  60,  a  faint  but  continuous  lumi- 
nescence appears  about  the  tungsten.  The  effect  seems  to  be 
associated  with  the  conversion  of  WO2  and  W2O5  found  at  low 
voltages,  into  WO3.  The  luminescence  is  of  the  same  nature  as  that 
observed  when  pyrophoric  WO2  is  oxidized  in  the  air.  In  solutions 
where  the  oxide  film  is  at  once  dissolved  as  in  30  per  cent  NaOH, 
no  luminescence  was  found.  A  preliminary  study  of  70  sub- 
stances^^  to  see  what  part  of  the  ultra-violet  spectrum  excites 
fluorescence  revealed  the  fact  that  the  oxides  (20)  and  simple 
chlorides  (8)  were  not  excited.  A  few  substances  (7),  including  Zn 
and  Cd  compounds,  fluoresced  faintly  while  the  uranyl  compounds 
fluoresced  strongly.  For  the  last  group,  the  effective  exciting  spec- 
trum extended  from  0.55JU  to  0.35JU  only,  while  for  the  others  it 
went  continuously  to  o .  2;li  except  in  a  few  special  cases. 

There  are  impurities  in  the  Missouri  calcites'"  which  include 
magnesium,  zinc,  and  the  rare  earths.  Phosphorescence  has  been 
excited  in  these  calcites  by  the  molybdenum  arc  whose  character- 
istic wave-length  is  o.3  79)u.  Exposure  in  a  mineral  cabinet  for 
about  twenty  years  has  caused  an  abatement  but  not  an  oblitera- 
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tion  of  the  phosphorescent  property.  The  yellow  calcite  shows  a 
thermophosphorescence  between  60°  and  i8o°C  which  is  destroyed 
by  heating  to  about  1 5o°C  for  less  than  8  hours.  Samples  so  heated 
until  the  phosphorescence  had  disappeared  showed  a  strong 
luminescence  when  heated  to  3oo-4oo°C.  It  has  been  found  that 
in  titanium  oxide^^^  the  free  oxide  present  determines  the  character 
of  the  luminescence  produced  by  heat.  Marked  changes  in  color 
can  be  produced  between  red  heat  and  i2oo°C  by  a  slight  adjust- 
ment of  the  oxy hydrogen  flame  used  in  heating.  Above  i2oo°C  all 
excessive  radiation  disappears  and  the  spectrum  coincides  with  that 
of  a  black  body  both  in  distribution  and  brightness.  Luminescence 
has  been  produced  in  chemical  reactions^^^  where  a  non-reacting 
compound  is  present.  Pure  oxydisilin  gave  a  faint  green  lumines- 
cence when  oxidized  in  an  acid  solution  of  KMn04.  It  was  then 
treated  with  a  solution  of  rhodomine  B  and  the  resulting  red  leaf- 
lets oxidized  with  acid  KMn04,  when  an  intense  luminescence  ap- 
peared.   Isoquinoline  red  gave  similar  results. 

Of  a  large  number  of  compounds  of  the  type  RMgX  (Grignard 
Reagents) 2^^  about  thirty  have  been  found  to  exhibit  chemilum- 
inescence  on  oxidation  with  O2.  It  has  been  found  that  concentra- 
tions of  the  solution  affect  the  intensity;  that  magnesium  is  a  neces- 
sary constituent;  slight  changes  in  temperature  have  little  effect; 
most  aliphatic  compounds  are  non-luminous  while  many  aromatic 
are;  changing  the  reacting  halogen  affects  both  the  color  and  the 
intensity  of  the  emission;  the  oxidation  of  p-CICe  H4MgBr  is  said 
to  be  probably  the  brightest  case  of  chemiluminescence  on  record ; 
a  large  number  of  these  compounds  and  their  oxidation  products  are 
fluorescent  in  ultra-violet  light.  Additional  work  on  p-bromo- 
phenylmagnesium  bromide^^^  showed  the  spectrum  of  chemilumi- 
nescence to  lie  within  the  limits  o .  350/x  and  o .  520JU.  It  was  found 
to  be  distinct  from  the  associated  fluorescent  spectra.  Photographs 
of  two  kinds  of  fluorescence  were  obtained  for  the  oxidation  product 
of  this  compound. 

The  luminescence  emitted  by  the  vapors  of  benzene^^^  when 
subjected  to  a  Tesla  discharge  has  a  fragmentary  carbon  spectrum 

^^Phys.  Rev.,  June  1923,  p.  713. 

^^Naturwiss.,  //,  1923,  p.  194. 

*°Phy8.  Rev.,  Feb.  1923,  p.  203. 

*'Jour.  Am.,  Chem.  Soc,  Feb.  1923,  p.  278. 

^®  Jour,  of  Chem.  Soc,  Mar.  1923,  p.  642. 
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at  ordinary  pressures  and  the  boiling  point,  while  aniline  emits  a 
short  continuous  spectrum.  On  reducing  the  pressure,  benzene 
emits  a  spectrum  of  band  groups.  A  close  relation  is  apparent  be- 
tween the  Tesla-luminescence,  the  fluorescence,  and  the  absorption 
spectra  of  benzene.  On  passing  ozone  through  a  tube  electrically 
heated  to  200°,  luminescence  was  obtained^^^  which  diminished  as 
the  purity  of  the  gas  was  increased.  The  light  consisted  of  a  band 
of  Hght  from  about  o .  460/i  to  o .  560/x.  The  width  of  the  band  was 
independent  of  the  concentration,  pressure,  temperature,  and  thick- 
ness of  the  layer  observed.  The  light  emitted  was  approximately 
proportional  to  the  concentrations  of  CO  and  O3. 

Some  observations  on  the  coloration  of  glass  by  /S-rays^^  in- 
dicated that  the  fluorescence  is  due  to  a  change  in  the  molecular 
aggregration  of  the  substances.  Three  pieces  of  glass  tubing  were 
treated  with  radium  emanation  until  they  were  colored  a  deep 
brown  and  ceased  to  fluoresce.  Further  treatment  did  not  alter 
the  color.  They  were  then  placed  in  an  oven  maintained  at  i  io°C. 
They  immediately  began  to  fluoresce,  and  continued  to  do  so  for 
13  minutes.  Further  heating  at  higher  temperatures  caused  re- 
newed fluorescence  but  for  shorter  and  shorter  periods.  The  re- 
sults indicated  that  complete  decoloration  would  occur  at  500- 
6oo°C.  The  annealing  temperature  of  these  glasses  was  about 
55o°C.  As  both  coloration  and  decoloration  were  accompanied  by 
fluorescence,  it  seems  probable  that  the  latter  was  due  to  the 
change  in  the  state  of  the  molecular  aggregations.  The  general 
fluorescent  properties  of  cellulose  and  its  derivatives^^^  have  been 
shown  to  vary  with  diff"erent  specimens.  Materials  supposed  to  be 
and  taken  for  the  same  by  the  manufacturers  and  the  expert  are 
by  no  means  the  same  from  the  standpoint  of  their  fluorescent  ac- 
tivities. By  using  a  brilliant  reflected  light^^®  derived  from  an  arc  or 
a4oo-watt  incande^scont  lamp  and  a  special  arrangomont  of  the 
cardiod  dark  field  condenser  of  an  ultra-microsco|)e,  the  fluor(\s- 
cencc  of  phycocyanin  of  the  blue-green  algae  as  well  as  a  red  fluor- 
escence of  the  diatoms  has  been  d(^monstrated.  The  visible 
fluorcHCcnce  of  the  diatoms  is  confiiuMl  to  certain  vacuoles  which, 
by  transmitted  light,  appear  a  i)al('  greenish  yellow. 


'"•'Arwi   <l.  Phynik,  June  2q,  io32,  P-  527. 

*"l'liil.  MiiR..  Apr.  ig23.  p.  735. 

**Ji)ur.  of  Soc.  DycTH  Colori/it,  Aur.  lyji,  p.  aoi,  N.  V 

•*H(i«Tiro,  AuR.  3,  1023,  p.  91. 
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Phosphorescence  continues  to  be  a  subject  of  study  and  inves- 
tigation.^^^  Further  work  has  been  done  on  the  decay  of  phos- 
phorescence using  the  photoelectric  light-summational  method 
with  special  reference  to  the  time  measurements  and  to  the  effect 
of  temperature.  While  studying  the  fluorescence  of  various  sub- 
stances excited  by  ultra-violet  light ,^®^  it  was  found  that  the  peel  of 
the  mandarin  orange  contains  a  material  which  fluoresces  with  a 
bright  yellowish  green  color.  The  intensity  is  such  that  its  spec- 
trum can  be  photographed  in  half  an  hour  with  a  direct  vision 
spectroscope.  The  exciting  radiation  was  found  to  be  of  wave- 
length shorter  than  0.405M.  When  lumps  of  sugar  are  broken 
flashes  of  light  appear,  and  this  phenomenon  is  known  as  tribo- 
luminescence.2^^  It  was  originally  thought  that  this  light  had  a 
continuous  spectrum  but  experiments  have  shown  that  it  is  dis- 
continuous and  has  most  of  the  bands  belonging  to  nitrogen  but  to 
no  other  spectrum.  Lumps  of  sugar  placed  in  a  glass  jar  with  an 
air  pressure  of  from  4  down  to  o .  i  cm.  of  mercury,  when  shaken 
against  the  walls  to  break  them,  showed  a  much  more  intense 
triboluminescence  than  at  atmospheric  pressure. 

Photoelectricity 

It  has  been  found  possible  to  increase  enormously  the  sensitive- 
ness of  the  potassium  photoelectric  cell  by  increasing  the  voltage 
between  the  potassium  anode  and  the  platinum  cathode.^^"  For 
red  light  X  =  0.630JU,  an  increase  in  voltage  from  20  to  210  multi- 
plied the  sensitiveness  by  1045  ^^^  for  violet  light  (X  =  o.  462/x)  by 
1595.  In  order  to  employ  such  a  high  voltage,  it  was  necessary  to 
raise  the  potential  gradually  for  hours  or  even  days  at  a  time.  In 
forming  the  cell,  it  was  found  that  each  time  the  voltage  was  in- 
creased, there  was  a  strong  "darkness  current"  at  first  which 
diminished  to  zero  for  lower  voltages.  The  relation  between  the 
photoelectric  current  and  the  illumination  was  found  to  be  P  = 
ML,  where  I  is  the  photoelectric  current,  L  the  flow  of  radiant 
energy  and  Z  and  M  are  constants.  Z  was  found  to  vary  with 
wave-length  and  the  voltage  applied  to  the  cell.  Using  this  cell, 
another  determii^ation  for  the  exponent,  C2  in  the  Wien  radiation 

^^Ann.  d.  Physik,  Jan.  31,  1923,  pp.  81,  113;  Zs.  f.  tech.  Physik,  No.  2,  1923,  p.  53. 
^^Jap.  Jour,  of  Physics,  1,  No.  5,  1922. 
^^C.  R.,  June  19,  1922,  p.  1633. 
^^"Zs.  f.  Physik,  Nov.  17,  1922,  p.  215. 
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law  gave  a  value  14385.  In  this  work,  it  was  found  also  that  carbon- 
radiates  throughout  the  wave-lengths  investigated,  which  included 
the  ultra-violet  as  far  as  0.31  6m,  as  a  gray  body. 

In  connection  with  some  experiments  on  the  photoelectric 
theory  of  vision,^^^  it  was  observed  that  an  aqueous  solution  of 
potassium  ferrocyanide  exhibited  a  pronounced  photoelectric 
effect  when  exposed  to  a  carbon  arc.  Further  investigation  of  the 
effect  of  concentration  of  the  solution  indicated  that  the  negative 
radical  is  probably  responsible  for  the  photoelectric  action  and  that 
the  increase  in  activity  of  the  stronger  solutions  is  to  be  attributed  to 
the  effect  of  a  possible  association  of  the  molecules  of  the  solute.  In 
studying  the  photoelectric  effect  in  crystals,"^  it  has  been  found 
that  the  use  of  single  crystals  considerably  simplifies  the  phe- 
nomena. Curves  showing  the  relation  between  current  and  field 
intensity  of  the  light  seem  to  be  independent  of  the  wave-length 
and  of  the  direction  of  the  luminous  radiation.  Experiments  on  a 
large  number  of  crystals  indicate  that  the  saturation  field  intensity 
is  related  to  the  refractive  index  for  red  light.  Other  experiments 
have  shown  that  for  low  voltages  the  potential  drop  near  the  elec- 
trodes is  greater  than  in  the  middle  of  the  crystal.  The  effects  of 
crystal  structure,  chemical  constitution  and  atomic  weight  on  the 
spectrophotoelectric  sensitivity  of  the  chlorides,  bromides,  and 
iodides  of  thallium  and  silver  and  the  iodide  of  lead  have  been 
studied.  The  photoelectric  action  of  these  salts  was  found  to  be 
confined  to  a  narrow  region  of  the  spectrum.^^'  The  effect  of  the 
atomic  weight  is  to  shift  the  maximum  of  the  reaction  toward 
longer  wave-lengths. 

In  a  photoelectric  cell  having  a  tungsten  filament  as  an  anode 
and  the  usual  sensitive  alkaline  layer  for  a  cathode,  it  has  boon 
found  that  a  much  larger  current  will  flow,  when  the  cell  is  illumi- 
nated, if  the  tungsten  filament  is  hot  than  if  it  is  cold,^^^  Further- 
more, the  resistance  of  the  cell  is  lower.  When  the  filament  is 
gradually  heated,  the  sensitivity  rises  to  a  maximum  value,  after 
which  further  rise  in  the  filament  temperature  results  in  a  decrease 
in  the  sensitivity.  A  proposed  explanation  is  that,  when  cool,  the 
filament  is  coated  with  a  thin  layer  of  alkaline  atoms  which,  as  the 

'^'riiil.  Mac,  Miiy  1923,  p.  895. 

'^I'hynik.  Z«.,  Ort.  i.s,  1022,  p.  417. 

^'H.  of  H.  Rri.  Pnpcr  No.  456,  Nov.  8,  igja,  p.  489. 

"*rhyH.  Rov.,  Feb.  1933.  p.  210. 
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filament  heats,  tend  to  neutralize  the  space  charge  in  the  tube  and 
thereby  influence  the  photoelectric  current. 

The  relatively  low  light  sensitivity  of  selenium  strips,^^^  whose 
dark  conductivity  is  large,  can  be  increased  about  forty  times  by 
the  use  of  very  thin  layers  of  selenium  (o .  5^  thickness) .  However, 
if  by  very  careful  purification  of  the  material,  the  dark  conduc- 
tivity of  the  material  is  very  considerably  diminished  (in  some 
cases  less  than  10-^  of  the  ordinary),  then  the  sensitivity  to  light 
will  be  found  to  be  already  high,  even  greater  than  in  the  case  of 
the  very  thin  layers,  and  practically  independent  of  the  layer  thick- 
ness, so  that  the  thinning  produces  no  increase. 

Properties  of  Materials 

More  data  on  the  reflection  coefiicient  of  magnesium^^^  has 
been  obtained  by  the  P.  T.  R.  If  the  incandescent  light  is  per- 
pendicular, the  reflection  coefficient  depends  on  the  angle  of  emis- 
sion. Relative  values  of  red  and  green  light  are  shown  in  the  fol- 
lowing table : 

Angle  from  the  Relative  Reflection  CoeflBcienta 

vertical  Red  Green 

0°  100  100 

15  99  99 

30  96  98 

45  91  95 

60  85  89 

75  74  79 

90  58  62 

The  diffuse  reflection  value  for  total  light  as  obtained  previously 
was  0.955. 

By  exposing  rapid  photographic  plates"^  for  an  hour  and  a  half 
in  the  ocean  at  a  depth  of  3300  feet,  evidence  of  light  was  obtained, 
but  another  plate  exposed  at  a  depth  of  a  mile  showed  no  impres- 
sion. Care  was  taken  to  avoid  effects  produced  by  luminous 
animals.  Trials  made  with  ultra-violet  light  for  the  sterilization  of 
water  have  shown  that  it  is  operative  over  only  a  comparatively 
limited  range  of  even  clear  water. 

^^Zs.  f.  Feinmech.,  SO,  1922,  p.  169. 
^^Zs.  f.  Instr.,  May  1922,  p.  131,  N.  P.  R. 
^^Phot.  Jour,  of  Am.,  Feb.  1923,  p.  79. 
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Further  work  has  been  done  on  the  effect  of  temperature  on  the 
transmission  of  glasses  for  ultra-violet  radiation."^  A  series  of  both 
crown  and  flint  glasses  in  two  thicknesses,  3  mm.  and  6  mm.,  was 
examined  using  a  quartz  spectrograph.  The  range  of  temperature 
was  300°  to  -180°  C,  and  the  change  seemed  relatively  small  in 
most  cases.  On  cooling  cyanin  and  pinacyanoP^^  from  room 
temperature  to  that  of  liquid  air,  the  absorption  for  wave-lengths 
in  the  region  of  o .  543/i  to  o .  644/x  became  less  at  the  lower  tempera- 
tures for  the  former  except  at  0.595JU  and  at  the  shorter  wave- 
lengths for  the  latter. 

It  has  been  found  that  ultra-red  light  restores  diamonds,^^^ 
which  have  been  altered  in  their  properties  by  the  action  of  ultra- 
violet light,  to  their  original  conditions  more  quickly  than  when 
they  are  kept  in  the  dark.  A  considerable  amount  of  work  has 
been  done  on  the  effect  of  light  on  chemicals.^^^ 

The  relations  between  brightness,  opacity,  and  approximation 
to  pure  whiteness  of  pigments  and  paints  have  been  studied  with  a 
colorimeter  and  cryptometer.2^2  j^  ^g^g  found  that  the  addition  of 
ultra-marine  blue  to  paints  containing  very  bright  pigments  which 
are  low  in  blue  brightness  decreases  their  brightness  somewhat  but 
makes  them  far  more  nearly  nonselective  and  greatly  increases 
their  hiding  power.  This  question  is  of  considerable  importance  in 
the  case  of  paints  used  in  coating  Ulbricht  spheres. 

Much  effort  has  been  spent  on  trying  to  discover  the  principles 
underlying  the  action  of  light  in  discoloring  pigmcnts.'^*^  In  the 
case  of  lithopone,  experiments  have  indicated  that  the  discoloration 
is  due  to  the  phosphorescence  of  the  ignited  zinc  sulphide  in  the 
pigment  caused  by  the  presence  of  small  quantities  of  foreign 
metals  which  give  with  the  zinc  sulphide  colored  sulphates  on  ex- 
posure to  light.  The  subsequent  disappearance  of  the  color  is  due 
to  the  oxidation  of  these  sulphides  to  the  corresponding  oxides. 
The  presence  of  Pb,  Mn,  and  Cu  causes  the  pigmcMit  to  become 
gray  rapidly.  Lithopone  absolutely  free  from  foreign  metals 
showed  no  discoloration  at  all.    The  dr3Mng  time  of  linseed  oil  and 

""Zrch.  HO.  phyH.  nt  nut.,  Sept.  i<)22,  p.  J55. 

'"Zh    f.  I'hyHik.  C'hcm.,  100,  I02i,  p.  26f). 

'""PliyHik.  Zh.,  Oct.  is,  1922,  p.  304. 
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varnish^^  has  been  found  to  be  influenced  by  colored  light.  Films 
of  raw  linseed  oil  exposed  to  light  diffused  through  amber,  blue,  red, 
and  ground  glass  were  dry  in  14  days  or  less,  while  under  green  and 
plain  glass  plates  they  were  still  tacky.  Those  kept  in  the  dark 
were  as  wet  as  at  the  beginning.  Sunlight  dried  the  films  in  two  or 
three  days.  An  initial  exposure  of  a  half  hour  to  ultra-violet  light 
was  found  to  accelerate  greatly  the  drying  of  raw  linseed  oil.  Fur- 
ther experimentation  is  going  on  to  determine  the  practical  applica- 
tion of  this  work  in  the  varnishing  of  automobiles. 

A  new  field  of  work  for  the  physical  chemist  which  is  being  more 
and  more  explored  and  which  in  its  bearing  on  diffusion  is  of  im- 
portance to  the  illuminating  engineer^^^  is  the  molecular  scattering 
of  light  in  various  media  such  as  gases  and  vapors.  Additional  ex- 
periments have  been  performed  on  the  scattering  of  light  by  dense 
vapors  and  gases  not  obeying  Boyle's  law.^^^  For  this  case  the 
results  indicated  that  the  scattering  power  per  unit  value  is  pro- 
portional to  the  square  of  the  density  of  the  substance  and  to  its 
compressibility.  A  thermodynamical  investigation  of  the  scatter- 
ing in  liquid  mixtures  led  to  the  conclusion  that  the  light  scatter- 
ing arises  in  two  distinct  ways:  first,  to  the  spontaneous  fluctua- 
tions in  the  composition  of  the  mixture;  and  second,  due  to  local 
fluctuations  in  the  density.  The  effect  of  any  increase  in  tempera- 
ture on  the  light  scattering  by  liquids  such  as  benzene,  methane, 
and  naphthalene^^^  has  been  shown  by  experiment  to  be  an  in- 
crease in  the  intensity  of  the  scattering  which  passes  through  a  high 
value  at  the  critical  temperature  falling  off  again  rapidly  for  tem- 
peratures above  the  critical. 

Color 

Attention  should  be  called  to  an  elaborate  report  on  colori- 
metry288  made  by  the  committee  on  that  subject  to  the  Optical 
Society  of  America.  This  includes  a  bibliography.  A  new  color 
measuring  instrument^^^  depends  on  the  measurement  of  the 
reflected  or  transmitted  light  in  three  colors — red,  green  and  blue. 
It  was  developed  especially  to  identify  colors  in  the  Oswald  system 

^^Paint  Mfgs.  Assoc,  of  U.  S.,  Circ.  No.  172,  1923,  p.  148. 

^*Jour.  of  Chein.  Soc,  Dec.  1922,  p.  2655. 

^*Phil.  Mag.,  Jan.  1923,  pp.  113,  213. 

^^Jour.  of  Phys.  Chem.,  June  1923,  p.  558. 

^^Jour.  of  Opt.  Soc.  of  Am.,  Aug.  1922,  p.  527. 

^'Zb.  f.  tech.  Physik,  No.  4,  1923,  p.  175. 
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and  measures  either  transparent  or  opaque  bodies.  At  the  bottom 
of  an  inclosed  and  internally  blackened  box  are  two  closed  and  adja- 
cent surfaces  illuminated  by  the  same  light  source.  The  illumina- 
tion of  one  can  be  continuously  varied.  They  are  observed  by  a 
photometric  train,  and  the  object  to  be  measured  is  placed  over 
one  of  them.  If  the  object  is  colored,  the  comparison  is  made  in 
succession  through  each  of  three  colored  glasses  in  the  ocular  of  the 
photometer.  A  color  filter,^^^  which  is  said  to  transmit  light  only 
between  o.  410/x  and  o .  570/x,  can  be  made  of  a  saturated  solution  of 
three  parts  of  toluidinblau  and  one  part  of  filterblaugrun.  A 
sheet  10  mm.  thick  of  this  solution  reduces  the  light  to  1/50  while 
a  30  mm.  sheet  reduces  it  to  i/ioo.  For  sealing  quartz  windows  to 
glass  bulb  lamps^^^  such  as  mercury  vapor  or  incandescent  filament, 
it  has  been  found  possible  to  use  silver  chloride  and  make  a  vacuum- 
tight  joint.  Silver  chloride  melts  at  455°C,  does  not  give  off  gas  in 
any  quantity  and  does  not  decompose  readily  with  time. 

PHYSIOLOGY 

The  present  status  of  visual  science^^^  carried  up  to  January 
192 1  is  discussed  in  a  Bulletin  of  the  National  Research  Council. 

Theories 

A  theory  of  color  vision  which  agrees  with  the  Young-Helm- 
holtz  theory^^'  as  to  the  relative  processes  associated  with  vision 
has  been  derived  from  the  Hering  theory  by  assuming  that  the 
cones  of  the  retina  contain  three  light-sensitive  substances  similar 
to  visual  purple — the  pigment  of  the  rods — but  less  stable  than 
that  substance.  The  antagonistic  action  of  complimentary  colors 
is  assumed  to  be  produced  by  a  nervous  mechanism.  Blue  rather 
than  yellow  is  assumed  as  a  "katabolic"  color.  Another  theory  of 
color  vision'^^  is  based  on  the  following  fundamental  hypothesis: 
first,  vision  is  produced  by  the  emission  of  photoclcctrons  from  a 
light  substance  occurring  in  both  rods  and  cones  which  shows  the 
selective  photoelectric  effect;  second,  differences  in  luminosity  de- 
pend on  the  number  of  electrons  emitted  while  differences  in  color 
depend  on  their  velocities;  third,  chromatic  vision  is  possible  only 

'"'I'hyHik.  Horichtc.  Oct.  15,  igaa,  p.  loii. 
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in  the  cones  and  rhodopsin  being  found  in  the  rods  alone  is  con- 
cerned only  with  achromatic  vision.  It  acts  as  a  sensitizer  to  dim 
light  and  in  the  presence  of  the  sensitizer,  the  maximum  of  the 
curve  of  photoelectric  sensitivity  is  shifted  to  wave-length  o .  53/x. 
This  theory  is  said  to  explain  the  main  facts  of  color  vision,  after- 
images, and  color  blindness  reasonably  well.  Additional  data  have 
been  obtained  on  the  luminous  sensitivity^ ^^  of  color  material  in 
reference  to  the  explanation  of  color  vision. 

Eye 

An  investigation  made  on  the  interpupillary  distances  of  some 
400  persons^^^  gave  a  mean  value  of  63  mm.  for  men  over  18  years 
of  age  and  61  mm.  for  50  women.  The  data  showed  no  definite 
change  with  age  of  the  average  interocular  distances.  The  average 
apparent  diameter  of  the  iris  for  all  individuals  tested  was  12mm. 
The  pupillary  reaction  to  wave-lengths  in  an  equal  energy  spectrum 
at  high  and  low  intensities  for  the  light  and  dark  adapted  eye  has 
been  studied  in  man,  pigeon,  and  alligator.^^"  The  curve  for  man 
is  similar  to  the  ordinary  visibility  curve  with  a  maximum  at  o .  554/x 
for  the  high  intensity  and  o .  534/^  for  the  low  intensity,  light  adapt- 
ed eye.  For  low  intensity  of  the  dark  adapted  eye,  the  value  was 
0.514/i.  For  the  pigeon,  the  corresponding  wave-lengths  were 
o.  564JU,  o.  544ju,  and  o.  524^11;  and  for  the  alligator,  o.  544/x,  o.  514- 
o.504;u,  and  0.514JU.  The  pupillary  motor  values  are  comparable 
with  those  of  rod  and  cone  vision  for  radiation  of  high  and  low  in- 
tensity. The  reaction  time  of  the  human  pupil  was  found  to  be 
between  5  and  6  seconds. 

Measurements  of  retinal  sensitivity^^^  in  a  test  of  loi  subjects 
showed  individual  differences  far  in  excess  of  the  accidental  varia- 
tions for  the  same  individual  and  the  same  conditions.  Correlation 
between  retinal  sensitivity  and  a  rating  based  upon  the  ophthalmic 
portion  of  the  Government  Air  Service  medical  examination  for 
flying  status  indicates  that  no  general  relation  exists  between 
retinal  sensitivity  and  disqualification.  There  is  not  much  in  the 
literature  on  vision  ^^^  concerning  actual  experimental  work  in 
which  accomodation  and  convergence  of  the  eye  are  differentiated. 

23^Zs.  f.  Physik.  Chemie,  100,  1922,  p.  537. 
^^Trans.  of  Opt.  Soc,  23,  1922,  p.  44. 
^^^Am.  Jour,  of  Physiol.,  Mar.  i,  1923,  p.  97, 
^'*Jour.  of  Exper.  Psych.,  Aug.,  1922,  p.  227. 
^''ibid,  June,  1923.  p.  222. 
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Tests  to  determine  at  low  intensity  of  illumination  the  acciu'ac}^  of 
convergence  as  compared  to  that  of  accommodation  showed  the 
average  relative  error  for  accommodation  alone  to  be  1/23  in  con- 
trast to  1/58  for  accommodation  and  convergence.  The  illumina- 
tion was  0.0117  fc.  As  the  illumination  was  decreased,  there  was 
a  gradual  increase  in  error  for  both  accomodation  alone  and  with 
convergence,  down  to  an  intensity  of  o .  001  fc.  At  a  point  near  the 
lower  threshold  for  vision,  accommodation  alone  breaks  down 
while  convergence  shows  little  change  in  the  gradual  rate  of  increase 
of  error.  The  results  indicate  further  that  fatigue  has  a  greater 
effect  on  the  intrinsic  accommodation  muscles  of  the  eye  than  upon 
the  extrinsic  converging  muscles. 

In  an  investigation  on  the  speed  of  retinal  response^^^  as  a  func- 
tion of  field  brightness  and  light  distribution,  seven  subjects  were 
employed.  Rather  large  variations  in  sensitivity  were  found  and 
somewhat  different  variations  with  the  changes  in  illumination  and 
distribution  of  light  in  the  visual  field.  The  following  equation  ex- 
presses the  results  where  t  represents  the  threshold  time  of  stimulus, 
B  the  brightness  of  the  experimental  field,  k  and  Bo  being  constants 
depending  on  the  individual  and  on  other  experimental  conditions, 

i/t  =  k  log  B/Bo 
Vision 

The  importance  of  binocular  vision  in  the  work  of  aviators  and 
for  drivers  of  automobiles^^^  has  led  to  an  attempt  to  redetermine 
the  threshold  of  binocular  perception  of  distance  among  persons  of 
normal  vision.  Three  uniform  threads,  o.  5  mm.  in  diameter,  hav- 
ing lead  bobs  attached  to  their  ends,  were  suspended  with  the  bobs 
immersed  in  oil.  Each  of  the  outer  threads  was  attached  to  an 
adjustable  block  provided  with  a  scale  indicating  the  distances 
from  the  center  thread.  A  uniform  time  for  observation  was  ob- 
tained by  the  use  of  a  shutter.  The  threshold  values  were  found  to 
correspond  to  retinal  displacements  of  less  than  the  diameter  of  one 
cone  for  all  observers.  A  stanchird  signal  arm  as  used  on  the  rail- 
road'°2  measures  10  in.  x  4  ft.  g  in.  and  subtends  an  angle  of  5 
minutes  at  a  distance  of  1085  yards.  It  can  be  read  accurately  by 
a  p(;rHon  of  normal  vision  up  to  i  .  5  mil(^s.     A  test  of  tlu*  vision  of 


^"''Jour.  of  Kxprr.  I*Mych  ,  y\pr.   lyjj,  p.  Ij8. 
'"'Am.  Jour,  of  IMiyMiol  ,  .Miiy  i,  lyaj,  p.  561, 
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locomotive  drivers,  signal  men,  and  station  masters  showed  that  a 
man  with  vision  as  given  by  the  ophthalmic  formula,  R.  6/i8j  L. 
6/18,  both  6/12,  can  with  both  eyes  open  read  these  signals  ac- 
curately at  1500  yards  and  that,  provided  vision  with  both  eyes 
open  is  not  below  6/12,  color  perception  is  not  dangerously  lowered. 

Caused  by  a  desire  to  know  why  a  greater  intensity  of  natural 
lighting  than  of  artificial  lighting  seems  to  be  required  for  the  same 
kind  of  work,  ^-^j  additional  comparative  data  have  been  obtained 
on  the  intensities  desirable  for  reading  using  both  the  direct  and  in- 
direct lighting  systems.  The  room  used  for  the  experiments  was 
30  ft.  X  18.  5  ft.  and  13  ft.  high  with  a  ceiling  and  upper  half  walls 
white,  lower  half  and  floor  drab.  The  work  was  done  at  night.  For 
direct  lighting,  opaque  white  enamel  reflectors  were  used,  placed 
7 . 5  feet  above  the  floor.  For  the  indirect  lighting,  opaque  bowl 
and  silver  reflectors  were  used  and  hung  2  feet  below  the  ceiling. 
Current  through  the  lamps  was  adjusted  so  that  the  illumination 
was  approximately  the  same  for  either  system.  Five  different 
values  of  the  current  were  used  to  produce  variations  in  illumina- 
tion from  one  which  was  just  too  low  for  comfortable  reading  to  one 
which  was  just  too  high.  Twenty-six  observers  took  the  test  and 
recorded  their  impressions.  The  results  showed  that  an  average 
of  2  . 8  fc.  was  considered  *'just  right"  under  the  direct  illumination 
while  4  fc.  were  required  under  the  indirect.  The  result  was  attri- 
buted to  the  effect  of  the  greater  equality  of  distributed  illumina- 
tion in  the  field  of  view  under  the  indirect  system,  causing  pupillary 
contraction  and  requiring  a  higher  intensity  for  comfortable  read- 
ing. This  condition  was  considered  to  be  similar  to  the  conditions 
occurring  in  the  use  of  natural  lighting. 

Another  determination  of  the  visibility  curve^°'*  by  the  "step  by 
step"  equality-of -brightness  method  has  been  made  between  the 
wave-lengths  o .  430/1  and  o .  740/1,  using  52  observers  of  which  num- 
ber, 14  made  measurements  between  0.49/i  and  o.68ju  only. 
Luminosity  values  were  obtained  with  a  Brace  spectrophotometer 
by  moving  the  collimator  slit.  The  results  were  somewhat  higher 
in  the  extreme  blue  and  red^°^  than  those  previously  obtained  by 

'"'Elec.  World,  Dec.  9,  1922,  p.  1268. 
'''^Jour.  of  Opt.  Soc.  of  Am.,  Jan.  1923,  p.  68. 
^**jDur.  of  Wash.  Acad,  of  Sci.,  Mar.  4,  1923,  p.  88. 
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this  method,  but  they  still  indicate  a  real  difference  between  the 
data  obtained  by  this  method  and  those  obtained  by  the  flicker 
method. 

Visual  Acuity 

It  has  been  shown  that  a  reduction  of  the  visual  acuity^^  is  al- 
ways followed  by  an  apparent  diminution  in  size  and  at  the  same 
time  the  removing  and  bringing  nearer  together  of  the  objects 
observed.  On  the  other  hand,  a  sudden  increase  in  visual  acuity 
produces  an  apparent  increase  in  size.  A  proposed  explanation  is 
based  on  the  assumption  that  maximum  impulses  to  accommodate 
are  liberated  in  such  a  manner  that  the  distinctness  of  the  image  is 
not  blurred  when  the  conditions  of  the  formation  of  the  image  are 
altered.  An  elaborate  analysis  has  been  made  of  the  physiological 
limits  to  the  accuracy  of  visual  observations  and  measurements, 
using  data  and  information  already  available  and  a  form  of  field 
suggested'^'  for  instruments  used  in  measuring  color  and  intensity 
permitting  of  a  higher  degree  of  accuracy  than  has  been  heretofore 
possible. 

Color 

An  experimental  method  of  evaluating  the  spectral  colors^°^  in 
terms  of  the  three  primary  colors  as  used  in  the  color  triangle  has 
been  worked  out.  The  values  obtained  gave  wave-lengths  0.675  up 
to  0.5625M  in  a  straight  line  and  wave-lengths  0.530  to  0.430^ 
on  another  line,  the  two  forming  sides  of  the  triangle.  The  color  of 
the  vacuum  tungsten  lamp  as  given  by  this  triangle  was  found  to 
be  19.6  red,  30.1  green  and  50.3  blue.  Daylight  from  a  north 
sky  was  8  red,  20  green  and  72  blue. 

The  situation  and  extent  of  the  region  of  the  spectrum  which  is 
yellow'"*  has  been  determined  by  12  men  and  12  women,  all  ac- 
customed to  judge  colors.  The  extent  and  position  of  the  yellow 
zone  wa.s  found  to  vary  from  individual  to  individual.  For  one 
pcTson,  it  lay  at  o.  577-  o.  583/11 ;  for  another  at  o.  583  -  o.  585^;  and 
for  a  third  at  o.  5875  -  o.  5(;o/i.  For  th(^  twenty-four  persons,  no 
radiation  wius  conceived  jus  pure  yellow  beyond  the  limits  of  o.  5Q6^t 
at  one  end  and  o.  574^1  at  the  other.    The  extent  of  the  spectrum 

•"jour.  <if  Opt.  Sor.  of  Am.,  Aug.  tgaa,  p.  sy?. 

*"l'liil    Mrk  •  July  lyaj.  p.  4<i. 
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varied  between  o . ooi/x  and  o. oi 2 fi  and  was  on  the  average  less  for 
the  women  than  for  the  men.  The  results  indicated  that  no  mono- 
chromatic light  exists  which  gives  the  impression  of  being  yellow  to 
normal  eyes  when  adapted  to  a  weak  (i  m.  lux)  neutral  illumina- 
tion and  the  radiations  exposed  are  not  chosen  stronger  than  is 
necessary  to  render  possible  the  distinguishing  of  colors.  It  has 
been  quite  common  practice^^^  to  take  o.^n  as  the  dividing  line 
between  the  visible  radiation  and  the  ultra-violet.  Observations 
(by  one  observer)  to  determine  this  point  have  confirmed  the 
practicability  of  using  this  wave-length,  although  shorter  wave- 
lengths were  seen,  since  there  was  a  very  marked  drop  in  sensitivity 
for  light  below  o .  4ju. 

As  a  result  of  experiments  on  the  selectiveness  of  the  eye's 
chromatic  response  to  wave-length^^^  and  its  change  with  change  in 
intensity,  it  has  been  concluded  that  at  the  threshold  the  eye  is 
most  sensitive  to  green,  yellow-green,  blue,  blue-green,  yellow,  red, 
and  orange  in  the  order  named,  with  a  dark  surrounding  field;  with 
a  light  surrounding  field,  the  order  changed  to  blue-green,  green, 
blue,  yellow-green,  red,  j^ellow,  and  orange.  At  the  point  of  maxi- 
mum saturation  with  a  dark  surrounding  field,  the  eye  was  most 
sensitive  to  yellow-green,  then  to  green,  orange,  blue,  blue-green, 
red,  and  yellow;  and  with  light  surrounding  field,  to  the  yellow- 
green,  green,  orange,  blue-green,  blue,  red,  and  yellow. 

An  investigation  to  determine  whether  the  selection  and  combi- 
nation of  colors  according  to  the  Munsell  system'^^  is  in  accord  with 
the  actual  preference  of  various  classes  of  persons  was  carried  out 
with  18  business  men,  15  graduate  men  students,  25  women  (not 
students),  and  25  commercial  artists.  The  relative  agreement  of  • 
the  colors  in  five  sets  of  colored  papers  was  first  determined  and 
then  the  colors  and  their  combinations  were  analysed  according  to 
the  Munsell  notation.  The  results  showed  that  complimentary 
color  combinations  were  most  highly  preferred  with  some  excep- 
tions; that  the  commercial  artists  agreed  no  more  closely  among 
themselves  than  did  the  persons  in  the  other  groups;  and  that  the 
preferences  of  the  commercial  artists  did  not  agree  so  closely  with 
the  preferences  of  non-artists  as  varying  groups  of  the  latter  agreed 
with  one  another. 

^^"Am.  Jour,  of  Physiol.  Opt.,  Apr.  1923,  p. .145. 
^"Jour.  of  Exper.  Psych.,  Oct.  1922,  p.  347. 
3i2psych.  Bui.,  Feb.  1923,  P-  85. 
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What  factors  influence  an  individual  in  deciding  that  a  light  is 
gray  and  what  constitutes  a  normal  gray?  In  order  to  answer  these 
questions,  experiments  have  been  performed^^^  on  the  effect  of 
field  size  and  shape,  brightness,  exposure,  duration  of  dark  adapta- 
tion, and  order  of  presentation  of  stimuli.  The  stimuli  employed 
were  obtained  by  filtering  the  fight  of  an  incandescent  lamp  through 
color-matching  glass.  The  results  showed  that  the  stimulus  of 
gray  as  determined  by  the  method  used  is  independent  of  the  first 
four  conditions.  The  first  few  stimuli  presented  as  short  exposures 
after  long  dark  adaptation  will  momentarily  be  called  yellow,  even 
though  they  would  be  called  gray  or  blue  on  long  exposures.  If 
the  stimuli  are  presented  in  increasing  or  decreasing  order  of  color 
temperature  and  in  rapid  succession,  the  result  depend  on  the 
order  of  presentation. 

It  has  been  known  for  years  that,  at  low  intensities  of  illumina- 
tion, the  visible  spectrum,  as  viewed  by  a  dark  adapted  eye,  ap- 
pears colorless.  A  new  set  of  data  have  been  obtained'^^  on  the 
relative  energy  necessary  in  the  different  parts  of  the  spectrum  in 
order  to  produce  a  colorless  sensation  in  the  eye.  It  was  found  that 
the  curve  representing  the  visibility  of  the  spectrum  at  very  low 
intensities  has  exactly  the  same  shape  as  that  for  high  intensities 
involving  color  vision  but  is  shifted  a  distance  of  0.048/i  toward 
the  red.  A  proposed  possible  explanation  is  that  the  same  sub- 
stance, i.e.  visual  purple,  whose  absorption  maximum  in  water 
solution  is  at  o .  503/i,  is  dissolved  in  the  rods,  where  its  absorption 
maximum  is  at  o.  511/x,  and  in  the  cones,  where  its  maximum  is  at 
o.5£54/i.  Tests  for  color  blindness  of  547  students  bj'  the  Raleigh 
method^'^  showed  no  abnormality  of  color  vision  among  the  women 
and  only  14  among  the  men,  who  were  very  or  partially  abnormal. 

An  inv(*stigation  of  the  effect  of  fatigue  in  one  eye  on  the  per- 
ception of  color  by  the  other^'®  resulted  in  the  discovery  that  each 
color  of  tlie  spc^ctrum  produced  a  reflc^x  effect  which  affected  three 
points — red,  violet,  and  greenish  yellow.  Each  reflex  curve  has 
three  (jefh^ctions  below  normal.  In  this  case,  the  left  eye  was 
fatigued  and  niejisurements  of  critical  frequencies  of  flicker  were 
made  with  the  right  eye  which  was  kej)t   in  daylight  adaptation. 


•"'.I()\ir.  of  ( )pt.  Sor.  of  Am  ,  Jim.  I'JJJ.  p.  73. 
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Experiments  were  also  made  with  the  right  eye  fatigued.  Both 
sets  of  data  indicated  that  every  ray  of  color  stimulated  all  three 
sensations  by  reflex  action,  thereby  causing  a  sensation  of  white- 
ness underlying  and  inseparable  from  color. 

Action  of  Light 

A  great  deal  of  attention  has  been  given  to  the  action  of  radia- 
tion,*^^ both  visual  and  ultra-violet,  on  plants  and  animals,  not  only 
for  the  purpose  of  increasing  general  scientific  knowledge  but  also 
from  a  therapeutic  and  prophylactic  standpoint.  The  action  of 
ultra-violet  light  on  egg  white'^^  has  been  studied  for  colloidal  solu- 
tions of  globulin,  albumin  and  fibrinogen.  The  experiments  showed 
an  increased  coagulation  temperature  and  a  reaction  toward 
alcohol.  Viscosity  increased  in  proportion  to  the  duration  of  irra- 
diation. 

The  movement  of  animals  when  exposed  to  light  (phototropism) 
has  been  shown  to  be  due  in  the  case  of  the  lowest  forms  (Amoeba)'^^ 
to  inhibition  of  movement  toward  the  more  highly  illuminated 
side.  In  other  unicellular  forms,  there  are  primitive  receptors  which 
serve  to  produce  in  unoriented  species  rapid  changes  in  himinous 
intensity  on  the  sensitive  tissue  side.  In  the  flat  worms,  the  recep- 
tors (eyes)  are  of  such  a  nature  that  illumination  from  different 
directions  results  in  different  locations  of  the  stimuli,  each  of  which 
produces  special  series  of  orienting  reactions.  The  action  of  the 
salt  water  king  crab  (Limulus),*^^  when  exposed  to  light  under 
laboratory  conditions,  is  plus  phototropic.  The  phototropism  may 
be  modified  or  obliterated  by  fright,  hunger,  stereotropism,  photo- 
kinesis  and  other  unknown  stimuli.  The  rate  of  locomotion  varies 
directly  as  the  luminous  intensity,  being  178  cm.  per  minute  for  an 
illumination  of  8,000  m.c.  and  157  cm.  for  900  m.c.  These  reac- 
tions are  said  to  be  satisfactorily  explained  by  the  tropism  theory. 
Snail  embryos  have  been  found  to  present  a  wide  range  of  individ- 
ual resistance  to  the  action  of  ultra-violet  light  .^^^  Resistance  in- 
creases with  advancing  age.  A  study  has  been  made  of  the  effect 
of  intermittent  light  on  the  tachina  fly^^^  which  is  usually  highly 

^^^Physiol.  Abs.,  Apr.  1923,  p.  72. 
^^^Pfliigor's  Archiv,  Nov.  11,  1922,  p.  540. 
'^^Jour.  of  Opt.  Soc.  of  Am.,  Jan.  1923,  n.  61. 
^"Jour.  of  Gen.  Physiol.,  Mar.  20,  1923,  p.  41.7. 
^Jour.  of  Exper.  Zool.,  Jan.  5,  1923,  p.  i. 
^^Am.  Jour,  of  Physiol.,  Apr.  i,  1923,  p.  364. 
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phototropic.  When  exposed  to  continuous  light  from  two  sources, 
the  rays  of  which  cross  at  right  angles,  the  flies  were  found  to  move 
toward  a  point  between  the  sources,  the  location  of  the  point  de- 
pending upon  the  relation  between  the  illuminations  received. 
With  an  illumination  of  35  m.c,  the  stimulating  efficiency  of  in- 
termittent hght  in  the  orientation  of  this  fly  varies  with  the  flash 
frequency.  At  flash  frequencies  from  50  down  to  10  per  second,  the 
stimulating  efficiency  was  higher  than  that  for  continuous  light, 
the  maximum  being  at  1 5  per  second.  At  a  flash  frequency  of  2  per 
second,  it  was  lower  than  that  of  continuous  light  and  at  frequen- 
cies of  5,  60,  and  160  per  second,  approximately  equal  to  that  of 
the  steady  light. 

Investigations  of  the  absorption  of  ult^a-violet  radiation  by 
living  tissues,^23  gome  physiological  solutions  and  some  spectral 
glasses,  showed  that  in  the  case  of  the  glasses,  flint  is  more  effective 
than  crown.  In  the  case  of  the  tissues  of  the  eye,  the  lens  is  the 
most  effective  screen  and  next  to  it,  the  cornea.  The  data  on  eye 
absorption  have  been  verified'-^  by  another  investigator  who  found 
that  the  combined  tissues  of  the  eye  absorbed  ultra-violet  radia- 
tions up  to  about  0.3134/Z  and  that  formalin  changes  the  absorp- 
tion. The  eyes  used  in  the  latter  experiments  included  four  human 
eyes,  and  others  taken  from  cows,  pigs  and  sheep. 

^       ,.    T,   o       •  ILLUMINATING    ENGINEERING 

uaylignt  craving 

In  spite  of  the  protest  of  the  rural  population'^^  Great  Britain 
again  went  on  daylight  saving  time,  April  22,  1923  to  continue 
until  September  16.  In  France*^^  a  compromise  was  effected  by 
changing  the  basis  of  time  comparisons  from  Paris  to  Stnusbourg, 
which  had  the  effect  of  advancing  the  clocks  a  half  hour  the  year 
round.  Until  ten  years  ago  Greenwich  time  was  used  in  France, 
but  at  that  date  a  shift  was  made  to  Paris  time  which  advanced 
the  clocks  at  least  ten  minutes. 

Daylight  saving  tiinc^  was  adopted  in  Niagara  Falls,  Ontario'-^ 
over  vigourous  opposilion.  but  was  droppcMJ  in  Haltiniore,  Mary- 
Ian 
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*^Aujitrulinii  Mnl    Jour  ,  S««pt    2,  1022. 
"^Jour.  of  Opt.  Sue.  of  Am.,  Aug.  lyjj.  p.  605. 
**Giui  Jour  ,  Miir.  iH.  lyi.?,  p.  K18. 

VU'V.  Plain  Dciiirr  Suiuiuy  Apr.  3q,  loaj- 
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Light  Sources 

The  relatively  low  efficiency  of  artificial  light  sources  compared 
with  the  relatively  high  efficiency  of  luminous  organisms  such  as 
the  firefly  has  emphasized  the  importance  of  these  organisms  as 
sources  of  light  production.  Those  interested  in  this  subject  should 
look  up  an  elaborate  re  vie  w^^^  of  recent  literature  which  contains 
a  bibliography. 

The  problem  of  how  the  firefly  and  other  luminous  organisms 
produce  their  light  is  progressing  toward  a  solution.^^^  It  has  al- 
ready been  shown  that  the  light-producing  reaction  is  one  involving 
the  oxidation  of  a  substance  called  luciferin  in  the  presence  of  a 
thermolabile  material  called  luciferase,  which  apparently  acts  as  a 
catalyst,  and  is  necessary  for  light  emission.  The  oxidation  prod- 
uct, oxyluciferin  has  now  been  shown  to  be  reducible  to  luciferin  by 
the  passage  of  an  electric  current  through  the  solution.  It  may 
also  be  .reduced  at  cathodes  of  oxidation-reduction  cells  of  the 
NaCl-Pt-Pt-Na2S  type,  and  also  at  metal  surfaces  such  as  Al,  Mn, 
Zn  and  Cd  which  liberate  nascent  hydrogen  from  water.  A  method 
of  producing  continuous  luminescence  is  suggested,  using  a  slow 
stream  of  hydrogen  and  oxygen.  A  large  palladiumized  surface 
would  continually  reduce  oxyluciferin  which  would  just  as  con- 
tinuously reoxidize  in  the  presence  of  luciferas  and  oxygen.  Thus 
a  continuously  operated  luminous  lamp  could  be  made.  It  is  sug- 
gested that  the  steady  luminescence  of  bacteria  may  be  due  to  the 
continuous  oxidation  of  luciferin  and  reduction  of  oxyluciferin  in 
different  parts  of  the  bacterial  cell. 

Further  work  on  the  minimum  concentration  of  luciferin,^^ 
which  is  visible,  has  shown  that  one  portion  in  from  4  to  40  billion 
parts  of  sea  water  gives  on  oxidation  light  visible  to  the  unaided, 
but  dark  adapted  eye.  A  similar  experiment  with  luciferin  showed 
that  one  part  in  from  800  million  to  8  billion  parts  of  sea  water  will 
oxidise  a  stock  solution  of  luciferin  with  visible  luminescense. 

A  report  to  the  Smithsonian  Institution^^^  of  explorations  in  the 
wilds  of  Costa  Rica  describes  a  type  of  beetle  which  is  said  to  emit 
almost  without  interruption  a  light  so  brilliant  that  one  or  two  im- 

^^^Erge.  der  Physiologie  SJ,  1923,  p.  166. 
'^"Jour.  of  Gen.  Physiol.,  Jan.  20,  1923,  p.  275. 
^^'Science,  Apr.  27,  1923,  p.  501. 
'^Sci.  News  Letter,  July  28,  1923.  P-  10. 
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prisoned  in  an  inverted  tumbler  will  illuminate  a  moderate  sized 
room  sufficiently  to  make  print  readable.  The  beetles  are  called 
"carbuncles"  and  the  light  differs  in  color  in  different  individuals, 
being  mostly  yellow  but  sometimes  green  and  occasionally  ruby  red. 

A  practical  application  of  the  idea  that  insects  are  more  at- 
tracted to  violet  and  blue  light  than  to  red  or  white  light'^  has  been 
reported  from  a  western  city.  Electric  globes  colored  a  light  red 
have  been  used  in  lunch  rooms,  dancing  pavillions,  bathing  beaches, 
country  club  houses,  and  street  cars  with  a  resulting  freedom  from 
insects,  the  number  of  which  previously  had  been  very  annoying. 

A  study  of  the  causes  of  fouling  ships'  bottoms^^  has  indicated 
that  color  is  an  important  factor.  Barnacles,  especially,  seem 
averse  to  light  colors.  In  general,  the  fouling  was  found  to  be 
greater  on  dark  than  on  light  painted  bottoms,  the  difference  be- 
tween white  and  black  paint  being  especially  marked. 

Photography 

The  high  luminous  intensity  when  a  wire  filament  is  exploded 
by  the  application  of  a  high  potentiaP^^  has  inspired  the  develop- 
ment of  a  new  light  source  for  instantaneous  photography.  Ex- 
periments with  tin  and  copper  wires  not  being  fruitful,  mercury  was 
successfully  substituted.  The  mercury  filaments  were  made  by 
drawing  mercury  into  a  glass  capillary  tube  each  end  of  which  con- 
tained a  hair  wire  electrode  sealed  in  with  sealing  wax.  With 
lengths  of  10  mm  and  diameters  ranging  from  0.172  to  0.324  mm. 
and  an  applied  voltage  of  80,  the  duration  of  the  flash  ranged 
from  less  than  10-''  seconds  with  a  very  feeble  light  to  8.0  x  lo-** 
seconds  with  a  very  bright  flash.  The  duration  was  found  to  de- 
pend on  the  diameter  and  length  of  the  filament  and  on  the  thick- 
ness and  wall  of  the  capillary. 

In  connection  with  photomicrographic  work  the  ratio  of  actinic 
or  chemical  surface  brightnesses"'"*  of  various  light  sources  has  been 
worked  out  as  well  as  an  apparatus  and  method  for  determining 
the  absolute  brightn(\ss  in  terms  of  the  Hefner.  The  absolute 
properties  of  mat  reflective  surfaces  used  in  this  work  have  also 
been  studied. 

'"Scirn.  AmerirRri,  Miir.  lyjj,  p.  179. 
***r()p.  Mfrh.,  Mny,  igaj,  p.  7<Sq. 
"'jap.  Jour,  of  FMiyn.  /,  No.  Q,  igaj,  p.  y?. 
'''2>it.  f.  Irmtr.,  I)«t  ,  lyjj,  p.  J49. 
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Legislation 

Attention  should  be  called  to  references  in  the  notes  and 
abstract  portions  of  several  issues  of  the  Transactions  on  legisla- 
tion involving  lighting  in  various  states.  In  Wisconsin^'^  the  new- 
state  electric  code  which  went  into  effect  the  first  of  the  year  pro- 
vides that,  "gas-filled  incandescent  lamps  of  more  than  loo-watt 
size  cannot  be  used  in  the  common  type  of  socket  having  paper 
linings."  Special  sockets  of  porcelain  are  required.  The  load  allow- 
ed to  branch  sockets  is  increased  to  looo  watts  provided  that  fuses 
not  heavier  than  15  amperes  are  in  the  circuit.  The  Rhode  Island 
Legislature^^^  has  passed  an  act  apparently  especially  directed  to- 
ward the  City  of  Providence,  providing  that,  "In  all  theatres  .  .  . 
ordinarily  lighted  by  electricity  there  shall  be  in  addition  ...  an 
independent  means  of  light  which  shall  be  (either)  gas  from  a  com- 
mercial gas  distribution  system  (or)  a  storage  battery  system  con- 
trolled either  automatically  or  from  .  .  .  the  lobby  or  front  of  the 
theater,  or  such  other  system  or  means  of  lighting  as  shall  be  ap- 
proved by  the  City  Council  of  Providence.  In  case  such  lighting 
system  shall  be  gas,  at  least  two  lights  on  each  side  of  the  main 
body  of  the  theater  and  on  each  side  of  all  balconys,  as  well  as  a 
sufficient  number  of  additional  lights  to  illuminate  the  stairways, 
hallways,  and  lobbies  shall  be  kept  burning  at  all  times  when  such 
theater  is  open  to  the  public." 

In  the  Annual  Report  of  the  Chief  Inspector  of  Factories  and 
Workshops  of  Great  Britain,^^  an  account  is  given  of  improved 
lighting  conditions  on  docks  and  wharfs  where  cluster  lamps  have 
been  found  to  be  satisfactory.  In  South  London,  the  report  states, 
"It  is  unusual  to  find  an  entirely  satisfactory  system  of  lighting." 
In  78%  of  the  underground  workrooms  visited,  the  natural  lighting 
was  insufficient  to  illuminate  the  whole  room.  However,  there  is 
some  evidence  of  increased  attention  being  paid  to  correct  methods 
of  illumination.  Several  cases  of  lighting  by  the  indirect  system  are 
noted  including  a  lithograph  factory,  plating  works,  and  a  tobacco 
works. 

'^Elec.  Rec,  Jan.,  1923.  P-  5- 
'^Gas.  Jour.,  Dec.  6,  1922,  p.  636. 
^^^Elec,  Aug.  4,  1922,  p.  122. 
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Plants 

The  problem  of  photosynthesis  or  the  action  of  sunlight  on  the 
green  leaves  of  plants*^°  to  produce  sugar,  starch  and  wood  out  of 
carbon  and  carbon-dioxide  was  discussed  at  a  joint  meeting  of 
chemists  and  botanists  at  the  Boston  meeting  of  the  A.  A.  A.  S. 
A  proposed  explanation  is  that  the  first  step  in  the  process  is  the 
breaking  down  of  the  carbonhydrogen  molecule  into  a  very  large 
number  of  enormously  reactive  substances.  These  substances 
either  rearrange  and  react  with  each  other  or  with  some  other 
substance  in  the  cell,  possibly  with  CO2.  Experiments  on  the 
growth  of  plants  under  artificial  light^"*^  from  seed  to  seed  have  been 
reported  as  successful.  Wheat,  oats,  barley,  rye,  buckwheat, 
potatoes,  and  several  vegetables  growing  from  seed,  under  artificial 
illumination  only,  produced  seed  of  good  quality  which  germinated 
well.  The  illumination  was  obtained  from  tungsten  filament  in- 
candescent lamps  burning  24  hours  a  day.  One  set  of  lamps  was 
said  to  be  enough  to  produce  an  ordinary  crop,  such  as  cereals. 
Spring  wheat  produced  ripe  seed  in  about  90  days.  All  the  plants 
tested,  except  cabbage,  bloomed  and  no  variety  seemed  to  require 
any  particular  period  of  illumination  to  cause  blooming.  Four 
ranges  of  light  intensity  were  used,  and  a  number  of  plants  bloomed 
under  all  of  them  although  the  illumination  was  continuous.  The 
temperature  was  maintained  automatically  for  cereals  at  14°  C,  by 
blowing  in  outside  air. 

The  increased  velocity  of  germination  of  seeds'"*-  when  exposed 
to  moonlight  was  indicated  by  some  experiments  in  which  the 
effect  was  thought  to  be  due  to  the  action  of  the  moonlight  on 
diastase.  A  test  of  the  latter  point,  using  crushed  mustard  seed 
showed  a  15  per  cent  increase  in  sugar  yield  over  seed  not  exposed. 
At  certain  periods  moonlight  is  plane  polarized  and  a  similar  set  of 
experiments  on  the  seed,  using  polarized  daylight  gave  similar  re- 
sults. Care  was  taken  in  this  work  to  have  the  temperature  con- 
ditions the  same  for  exposed  and  unexposed  packages  of  seed.  The 
experim(»nts  are  being  continued. 

The  stimulation  of  plant  growth***  by  artificial  light  has  been 
tried  in  Germany.    Over  a  plot  of  lettuces  5  lamps  were  arranged 

**'8ci.  NnWB  I^ttrr,  Jim    ij,  lyjj,  p.  8. 
'*'Hrionr«\  S«'i)t.,  ay,  lyaa,  p.  366. 
'*'Niiturr,  Jim.  ij,  lyaj,  p.  4y. 
***Kloc.  Itrv  ,  Miir.  .JO,  lyj.},  p.  Sll- 
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SO  that  the  light  was  diffused  as  uniformly  as  possible.  The  lamps 
were  turned  on  for  six  hours  each  day  beginning  at  dusk.  Cabbage- 
lettuces  illuminated  from  the  middle  of  November  had  after  12 
days  about  two  and  a  half  times  as  many  fresh  leaves  as  those  not 
illuminated.  After  seven  weeks  of  prolonged  illumination  a  com- 
parison made  between  the  plants  on  the  illuminated  plot  and  those 
on  the  plot  not  illuminated  showed  a  50  per  cent  superiority  in 
weight  of  the  former  over  the  latter  in  the  green  state  and  68  per 
cent  in  the  dried  state.  The  effect  was  equally  good  with  beans 
and  vetches.  Illuminated  strawberry  plants  yielded  as  early  as 
the  middle  of  March  as  compared  to  four  weeks  later  for  non- 
illuminated  fruits. 

Societies 

In  the  plan  for  the  future  as  laid  out  by  the  British  Illumina- 
ting Engineering  Society^^*  it  is  proposed  to  organize  extensive  pro- 
paganda with  a  view  to  interesting  municipal  bodies,  educational 
authorities,  owners  of  workshops  and  factories,  etc.,  in  illumina- 
tion ;  arrange  lecture  demonstrations  in  various  parts  of  the  country 
for  the  benefit  both  of  those  technically  concerned  with  lighting 
(architects,  contractors,  etc.,)  and  improved  classes  of  consumers; 
form  a  fund  for  researches  and  especially  aid  experiments  to  be 
conducted  by  the  various  committees  of  the  Society;  expand  the 
size  of  the  Journal  by  including  special  contributions  on  selected 
subjects;  initiate  propaganda  in  the  Colonies  and  Dominions.  This 
program  indicates  that  much  of  the  work  of  our  Society  has  met 
with  the  approval  of  our  neighbors  who  are  incorporating  it  in 
their  plans. 

A  joint  committee  has  been  set  up  by  the  British  Commercial 
Gas  Association  and  the  Society  of  British  Gas  Industries^^^  to  con- 
sider matters  affecting  gas  lighting.  Among  other  points  for  con- 
sideration are  the  standardization  of  the  essential  parts  of  the 
burner ;  the  elimination  of  shoddy  burners,  mantles,  and  fittings;  the 
maintainance  and  development  of  gas  lighting. 

The  French  National  Committee  on  Illumination^^^  met  last 
November.  Among  other  subjects  discussed  was  the  question  of 
making  a  bibliography  of  all  the  work  connected  with  lighting.    A 

'^^lU.  Eng.,  July  1922,  p.  218. 
'^Gas.  Jour.,  Nov.  r,  1922,  p.  286. 
^^Rev.  Gen.  d'Elec,  Dec.  9,  1922,  p.  873. 
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meeting  of  the  Sub-Committee  on  Automobile  Headlights^*^  was 
held  on  March  21,  this  year,  and  took  up  the  question  of  the  French 
codes  on  this  subject.  A  report  of  the  English  National  Committee 
was  referred  to  in  the  July  1923  issue  of  the  Transactions  of  this 
Society. 

At  the  Tenth  Annual  Convention  of  the  German  Illuminating 
Engineering  Society^^^  the  program  included  among  others  the 
following  subjects:  "Our  present  conception  of  the  nature  of  light"; 
"Illuminating  engineering  lectures  and  papers";  "The  present  and 
future  of  gas  lighting";  "Impressions  of  a  course  of  study  on  illum- 
inating engineering  in  the  United  States  of  America". 

The  Advisory  Board  of  the  Engineering  Foundation^^^  has  re- 
ceived and  is  thoroughly  investigating  the  feasibility,  cost,  and 
probability  of  support  of  a  suggested  experimental  investigation  of 
the  relation  of  quality  and  quantity  of  illumination  to  efficiency. 
It  is  felt  that  the  determination  of  this  relationship  by  disinterested 
parties  will  be  very  valuable  in  industry. 

General 

The  largest  telescope  in  the  world,  the  100  inch  reflector  at 
Mount  Wilson  Observatory^^o  collects  160,000  times  the  light  re- 
ceived by  the  eye. 

The  photo-electric  cell  is  one  of  the  numerous  illustrations*"  of 
the  possibility  of  research  work  having  direct  practical  application. 
Means  of  applying  the  cell,  either  of  the  selemium,  alkali  metal,  or 
thalofide  type,  to  the  control  of  industrial  processes  have  been  pro- 
posed and  specific  cases  worked  out.  The  general  method  is  to 
produce  such  a  change  in  the  intensity  of  illumination  of  the  cell 
as  to  produce  a  corresponding  change  in  the  current  sufficient  .to 
operate  a  relay  which  in  turn  controls  the  proper  valves,  switches 
or  other  means  necessary  to  effect  the  desired  reaction.  Among 
the  optical  properties  suggested  for  use  are  absorption  power 
for  white  hght,  selective  al)sorption  power,  index  of  refraction, 
and  rotation  of  polarized  light. 

'^'ibid,  May  la,  igaj,  p.  769. 

"^I-  u.  r,.  S.pt..  31.  ii)22.  —.    443  jind  Oct..  s.  p.  463.    Zcit.  f.  Rd.  Sept.  15,  1933.  p.  i  ji., 
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The  detection  between  ordinary  artificial  pearls  and  natural 
pearls^^^  can  be  made  by  mechanical  means,  but  the  Japanese 
cultivated  pearl  has  defied  such  detection  except  by  destruction, 
until  recently.  Under  the  light  from  a  mercury  vapor  lamp  the 
Japanese  pearl  shows  a  distinct  translucent  opalescence,  while  the 
natural  pearl,  though  opalescent  is  opaque.  This  distinction  is 
evident  even  to  a  layman. 

The  meteorological  service  of  the  city  of  Paris^^^  has  conducted 
experiments  on  the  effect  of  smoke  in  causing  loss  of  light  in  the 
city  and  suburbs.  The  total  actinometer  or  lucimeter  of  Bellani 
was  employed  to  make  the  measurements.  Observations  were 
made  on  eight  stations  and  the  quantity  of  light  received  in  24 
hours  was  determined  at  each  one  and  compared  with  that  which 
should  be  received.  It  was  found  that  where  the  wind  was  such 
that  the  smoke  from  the  city  was  blowing  over  the  suburb  the  loss 
of  light  was  as  much  as  25  per  cent. 

The  Institute  of  Technology  at  Carlsruhe^^"*  inaugurated  its 
school  of  light  in  June  1922.  This  department  has  four  rooms 
darkened  and  provided  with  photometric  equipment.  The  first 
has  three  photometer  benches,  3  m.,  4  m.,  and  4.8  m.  long  respec- 
tively as  well  as  an  Ulbricht  sphere.  The  other  rooms  have  ar- 
rangements to  extend  the  length  of  the  photometer  benches,  and 
one  has  a  Rousseau  photometer  as  well  as  other  equipment  to  meas- 
ure illumination  and  distribution.  A  fifth  room  is  equipped  with  a 
number  sockets  to  try  out  different  lighting  units.  A  number  of 
rooms  are  provided  for  special  work  such  as  that  of  physiology  of 
the  eye,  glare,  influence  of  diffusion,  etc.  The  equipment  includes 
two  sets  of  storage  batteries  which  provide  the  electric  current.  The 
buildings  and  observation  tower  will  permit  the  photometric  and 
physical  study  of  light  from  the  sky. 

JOURNALS  AND  BOOKS 

The  American  Builders  Magazine  has  started  a  department^^*^ 
in  which,  in  addition  to  other  information,  will  be  given  informa- 
tion for  wiring  luminaires,  and  arrangements  and  suggestions  for 
decorative  lighting. 

^^Sci.  Amer.,  Apr.,  1923,  p.  227  and  Chem.  News.,  Aug.,  11,  1922. 
'^'Comp.  Rendu.,  Jan.  15,  1923,  p.  180. 
^^Rev.  Gen.  d'Elec,  Jan.  20  1923,  p.  24D. 
^"Elec.  World,  Feb.,  24,  1923,  p.  472. 
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The  Germany  Illuminating  Engineering  Society^^^  has  de- 
signated the  technical  journal  "Licht  und  Lampe"  as  the  official 
organ  for  the  publication  of  its  proceedings,  in  the  place  of  the 
Zeitschrift  fur  Beleuchtungswesen  which  owing  to  economic  con- 
ditions has  been  compelled  to  suspend  issue.  Dr.  Lux,  the  former 
editor  of  the  Zeitschrift  fur  Beleuchtungswesen  will  continue  to 
edit  the  Society's  work  as  presented  in  Licht  und  Lampe. 

Books 

''Colour  Vision,"  Prof.  W.  Peddie,  (London:  E.  Arnold  &  Co., 
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LIGHTING  THE  SILK  INDUSTRY  WITH  INCAN- 
DESCENT LAMPS* 


BY  H.  W.  DESAIX** 


SYNOPSIS:  This  paper  is  based  on  observations,  investigations  and  exi>eriments  con 
ducted  by  the  author  to  secure  for  the  Silk  Industry  a  practical  system  of  illumination  to  replace 
the  present  inadequate  and  impractical  methods. 

Each  process  in  the  manufacture  of  silk  fabrics  presents  a  problem  in  itself  and  each  has 
been  so  treated. 

Owing  to  the  paper  being  prepared  for  an  audience  of  laymen  technical  terms  and  expres- 
sions were  purposely  omitted  where  possible. 

During  the  early  months  of  this  year  a  survey  was  made  of 
various  silk  manufacturing  plants  for  the  purpose  of  obtaining 
data  for  the  better  lighting  of  plants  in  this  industry.  This  survey 
was  later  supplemented  by  experimental  installations  from  which 
tests  and  further  observations  were  made,  eventually  leading  up 
to  some  very  gratifying  results. 

As  the  idea  seems  to  suggest  itself,  this  presentation  is  in  the 
nature  of  a  report  of  this  investigation.  Time,  however,  will  not 
permit  of  detailed  data  being  given  for  each  step  in  the  process  of 
manufacturing  silk  fabrics,  but  what  appears  to  be  the  most  im- 
portant will  be  dealt  with. 

An  inspection  revealed  most  of  the  plants  using  pendant  drop 
cords,  hung  about  two  feet  over  the  working  plane  of  looms  and  a 
trifle  higher  over  accessory  machines.  In  some  instances  bare  50- 
and  60-watt  Mazda  lamps  were  in  use;  but  in  the  majority  tin 
cone  or  flat  shaped  painted  reflectors  were  in  use.  This  latter 
system  seems  to  be  the  conventional  means  of  lighting  silk  weavipg 
plants. 

*A  puprr  pr«'Mcnfc(l  Ix-fon'  thr  joint  iiirrtiuK  of  tlu<  Now  York  Soction  iiml  tho  Northern 
Ni!W  JiTMoy  Ch!ii)f<T  of  thr  IlluininiitiDK  IiiiKin«'«>riiiK  Society,  I'ntterHon,  N.  J.,  May  ii,  igjj. 

**Wat8an-KliiKK  MiiKiiif^Tiiig  ('otiii)any,  I'litrrnon,  N.  J. 

Thr  IlluininatiiiK  Knginecring  Society  in  not  rcxpoiiHiblo  for  tlic  Htatrinciitf*  or  opinioiiM 
Hflvaiircd  by  rontributorn. 
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WEAVING 

In  some  weaving  plants,  drop  cords  were  in  use  being  even 
with  the  bottom  of  the  arch  of  the  loom  using  bowl  type,  enameled 
steel  reflectors,  with  50-  and  60-watt  type  ''B"  Mazda  lamps,  and 
in  some  instances  mill  type  lamps.  This  latter  system  is  unques- 
tionably an  improvement  over  those  mentioned  above.  It  has  its 
faults,  however,  being  expensive  in  comparison  to  the  result  ob- 
tained; lamps  do  not  as  a  rule  burn  their  natural  life,  due  to  con- 
stant handling,  striking  of  reflectors  against  loom  arch:  and  be- 
cause of  theft.  There  is  also  a  tendency  on  the  part  of  operators 
to  install  larger  lamps  in  the  sockets,  with  the  well-known  result; 
glare.  Another  fault  of  the  local  lighting  system  for  weaving,  and 
in  fact  other  processes,  is  eye  strain  of  operators  due  to  the  con- 
stant change  of  looking  into  comparative  darkness  as  compared 
with  the  light  on  the  warp. 

Illuminating  engineers,  heretofore,  have  recommended  a  general 
lighting  system  to  supplement  the  local  to  overcome  the  last  ob- 
jection and  to  provide  proper  lighting  for  aisles.  This  has  always 
seemed  to  the  mill  executives  a  duplication  of  system  and  extra 
avoidable  expense;  very  often  it  resulted  in  an  unpopular  lighting 
engineer. 

On  the  other  hand,  general  lighting  systems  in  weave  sheds 
have  been  attempted  but  have  proven  unsatisfactory  because  ob- 
jectionable shadows  were  cast  by  loom  arches,  and  an  insufficient 
amount  of  light  in  between  the  heddles  at  which  point  ends  must 
at  times  be  picked  up  and  passed  thru. 

Conferences  with  mill  executives,  weaving  foremen  and  opera- 
tors themselves,  led  to  the  opinion  that  if  a  system  of  illumination 
could  be  worked  out  that  would  incorporate  the  advantages  of  the 
concentrated  result  of  the  improved  local  system,  and  the  further 
advantages  of  the  usual  general  system,  at  a  reasonable  cost  of 
installation  and  upkeep,  consistent  with  the  desired  result,  it 
would  fill  a  long  felt  want  and  at  once  become  popular.  With  this 
idea  in  mind,  experiments  and  tests  were  started. 

For  the  purpose,  a  room  was  used  containing  24  plain  broad 
silk  looms,  arranged  in  4  rows  across,  a  wide  aisle  in  center,  with 
6  looms  to  a  row.  The  room  was  typical  of  most  that  are  used  for 
the  purpose,  the  ceiling  was  of  open  wood  beam  construction,  with 
walls  and  ceiling  painted  white,  except  for  a  distance  4  feet  up  from 
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the  floor  where  the  walls  were  painted  light  grey.  It  was  located 
on  the  ground  floor  necessitating  the  use  of  artificial  light  all  day. 

The  lighting  system  in  use  was  the  customary  drop  cord  with 
tin  cone  shaped  painted  reflectors,  and  50-watt  mill  type  Madza 
lamps.  Test  showed  this  system  as  delivering  an  average  of  1 1 
foot-candles  on  the  warp,  but  with  the  undesirable  effects  out- 
lined above. 

In  order  to  be  satisfied  that  previous  opinions  were  well 
founded  a  general  system  was  next  installed  employing  RLM 
dome  steel  enameled  reflectors,  with  200-watt  "C"  bowl  enameled 
Mazda  lamps,  spaced  on  centers  over  each  loom  station  or  weavers 
alley;  this  spacing  meant  13 '3"  between  units  along  the  rows  and 
7'o"  across  and  lo'o"  between  rows  on  each  side  of  center  aisle. 
Mounting  height  i2'o"  from  floor  or  approximately  g'o"  above 
working  plane.  Uniform  average  intensity  of  10  foot-candles  was 
secured. 

From  general  appearances  this  system  seemed  to  be  quite 
satisfactory.  It  certainly  eliminated  all  the  objections  of  the  local 
system;  but  while  sufficient  light  was  delivered  for  general  purposes 
there  was  not  enough  to  see  to  pass  ends  through  the  heddles  in 
the  harness.  Shadows  were  encountered  from  the  loom  arches 
and  by  the  operators  when  leaning  over  the  work.  This  system  also 
failed  to  provide  an  upward  component  to  enable  the  transmission 
equipment,  such  as  shafting,  hangers  and  pulleys  to  be  adjusted. 

An  analysis  was  then  made  of  the  above  systems,  the  obstacles 
to  be  overcome  and  the  nature  of  the  work  done  in  a  weaving 
plant;  from  this  it  was  concluded  that  the  system  desired  must 
contain  the  following  factors: 

A  varied  intensity  of  illumination.  With  a  higher  inten- 
sity on  the  looms  as  compared  with  drives  and  aisles. 

Adequate  int(^nsi(y  for  all  purjioses. 

Freedom  from  objectionable  shadows. 

Freedom  from  glan\  both  din^ct  and  by  contrast. 

Must  provide  sufficient  light  on  walls  with  a  well  distri- 
buted upward  component,  in  order  to  have  interior  or  room 
give  a  bright  cheerful  apjx'arance. 

The  cost  of  installation  and  upkeep  nuist  be  reasonable  in 
coniparison  to  result  and  must  pay  a  return  on  tlu^  invc^st- 
ment. 
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Uusually  the  required  intensity  is  known,  but  in  this  case  the 
value  in  use  did  not  appear  sufficient,  making  it  necessary  to  work 
the  reverse  of  regular  practice;  i.e. — effect  to  cause. 

After  a  thorough  study  of  the  various  types  of  luminaire  the 
market  afforded  one  was  selected.  This  unit  consisted  of  a  rugged 
prismatic  glass  reflector  iij^"  in  diameter  and  sV^'  ^^  height, 
open  top  and  bottom.  The  distribution  curve  showed  it  to  be  of 
the  intensive  type,  with  sharp  cut  off  at  60°  from  the  vertical, 
falling  away  sharply  after  15°.  Supported  by  a  three  prong  holder, 
designed  on  the  ice  tong  principle  which  grips  the  lower  flange  of 
the  reflector.  An  adjustable  stem  is  provided  with  marked  cali- 
brations for  75- 100-150-  and  200-watt  lamps;  it  made  an  ideal  unit 
for  the  purpose  of  the  test.  These  units  were  hung  on  the  same 
spacings  and  mounting  heights  as  were  the  RLM  reflectors  used 
in  the  previous  experiment. 

With  200-watt  type  "C"  clear  Mazda  lamps,  readings  were 
taken  of  30  foot-candles  on  the  warp  tapering  to  15  foot-candles 
in  the  aisles  and  on  the  drives,  which  satisfied  the  first  requirement 
of  varied  intensity  or  ''spilled"  light.    See  Figure  i. 

The  amount  of  light  was  entirely  sufficient;  in  fact,  at  first  was 
considered  too  high,  but  later  experiments  disproved  this.  Enter- 
ing ends  thru  harness  could  be  done  with  ease  and  plenty  of  light. 
Arch  and  operators  shadows  were  not  at  all  objectionable  because 
of  high  intensity. 

With  practically  the  entire  ceiling  moderately  illuminated 
glare  by  contrast  was  not  encountered  as  the  tunnel-like  appear- 
ance was  illuminated;  and  transmission  equipment  could  be  oiled 
and  adjusted  easily.  This  excellent  upward  component  is  very 
desirable  for  the  sake  of  its  cheerful  appearance,  especially  where 
women  are  employed,  as  in  this  industry.  Because  the  light  cut  off 
occurs  at  60°  direct  glare  was  practically  nil. 

Quite  naturally,  certain  objections  were  raised,  such  as  the 
possibility  of  glass  breakage,  but  this  was  not  considered  serious, 
because  the  units  were  hung  at  a  height  from  the  floor  which  re- 
moved them  from  the  sphere  of  activity  and  being  of  rugged 
construction  would  require  a  hard  blow  to  cause  breakage. 

Another  objection  was  the  collection  of  dirt  or  dust,  but  it  was 
pointed  out  that  if  dust  did  collect  on  top  to  any  extent  the  con- 
dition could  not  be  any  different  than  that  of  an  opaque  reflector. 


Fig.    I— Unobjectionable  varied  intensity,  no  confusing  shadows,  and  well  lighted 
interior  in  a  weave  shed.      Illustrates  "spilled"    lighting  principle. 


Fi«i.   a— Wmditij/  ixkI   Quillmg  r.M.m  liKhted  ut   ij  foot-nmdl.M.  uning  prismati 
ghiat  rencrtorn  ipnc-e<l    X2   \   M  fret. 


Fig.  3 — Night  photograph  of  dye  house.  Vapor  proof  units  spaced  lo  x  lo  feet 
with  150-watt  Mazda  C  lamps,  resulted  in  intensity  of  12  foot-candles  with  equal 
distribution  on  vertical  as  well  as  horizontal  surfaces. 
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The  fact  that  dirt  might  collect  would  have  a  tendency  to  induce 
shorter  periods  between  cleanings.  Being  designed  with  reflecting 
prisms,  dirt  or  dust  does  not  impair  reflecting  efl^ciency  unless 
mixed  with  oil  as  the  oil  excludes  the  air  film  which  normally  pre- 
vents optical  contact.  In  fact,  dust  and  dirt  is  something  which 
should  not  exist  to  any  great  extent  in  a  silk  weaving  plant. 

The  results  obtained  were  well  worth  the  effort  expended,  as  it 
was  the  unanimous  opinion  that  a  system  of  illumination  had  been 
worked  out  that  fullfilled  all  the  necessary  requirements  of  silk 
weaving. 

Later  this  system  was  installed  in  the  entire  plant  which  made 
it  possible  to  determine  costs.  It  was  found  that  the  cost  of  in- 
stallation, using  a  modern  conduit  wiring  system  with  convenient 
switching  arrangement  equalled  one-half  a  cent  per  foot-candle 
per  square  foot. 

WINDING  AND  QUILLING 

When  winding,  the  broken  ends  are  detected  by  the  stopping  of 
the  swifts,  and  in  quilling  are  detected  by  the  raising  of  the  quides, 
making  it  very  easy  to  detect  broken  ends  or  spent  spools  from  any 
position  in  the  aisle.  For  these  operations  RLM  dome  steel  re- 
flectors with  200-watt  Madza  "C"  lamps  spaced  on  12  ft.  centers 
hung  12  ft.  high  will  give  a  general  illumination  of  about  8  ft. 
candles.    An  intensity  sufficiently  high  for  ordinary  purposes. 

It  has  been  found  advisable  in  some  instances  that  a  higher 
intensity  is  required  for  which  the  same  equipment  is  recommended 
as  for  weaving,  spaced  at  a  distance  not  to  exceed  mounting  height 
which  will  deliver  a  general  intensity  of  12  foot-candles  and  also 
provide  a  more  cheerful  room  appearance.    See  Figure  2. 

WARPING 

In  wari)ing  rooms,  wlicre  liorizontal  warpers  are  employed,  a 
recommended  system  is  to  treat  each  warper  as  an  individual  unit 
using  the  "spilled"  lighting  principle.  This  requires  the  same  type 
of  luminaire  as  suggested  earlier  for  weaving.  These  should  he 
spaced,  one  over  the  creel,  one  over  the  reed  and  ouo  owv  the  Ix^ani 
centered  in  all  cases  with  the  width  of  i\w  machine  and  use  200- 
watt,  Mazda  "('"  hirnps.  One  of  the  factors  to  consider  in  warping 
is  that  work  is  done  both  in  a  horizontal  and  vertical  i)lane.     The 
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system  suggested  will  furnish  a  sufficient  intensity  of  illumination 
to  both  surfaces  and  spill  suffiicent  light  on  aisles,  and  driving 
gear.  Intensities  should  be  about  30  foot-candles  on  the  work  and 
taper  off  gradually. 

If  Swiss  warpers  are  installed  in  the  same  room  with  hori- 
zontal warpers  the  same  system  may  be  employed  for  uniform  ap- 
pearance, but  where  they  are  set  up  in  a  separate  part  of  the  mill 
it  has  been  found  more  satisfactory  to  use  two  units  with  extensive 
type  reflectors  and  the  same  size  lamps,  due  to  the  more  compact 
form  of  this  type  of  warper.  The  creel  is  smaller,  the  reed  wider, 
and  the  mill  itself  not  over  three  yards  in  circumference,  practi- 
cally eliminating  the  vertical  working  plane.  Intensity  for  Swiss 
warping  should  be  1 2  to  1 5  foot-candles. 

THROWING 

The  throwing  branch  of  the  industry  is  one  requiring  very 
careful  consideration  when  planning  the  lighting  system.  Most 
throwing  plants  run  twenty-four  hours  per  day,  which  means  that 
the  night  shift  works  entirely  under  artificial  illumination. 

High  intensities  are  not  so  necessary  because  of  the  nature  of 
the  process,  as  it  is  a  comparatively  simple  matter  to  detect  broken 
ends  or  empty  spools.  Excellent  results  have  been  obtained  by 
using  a  general  system  of  illumination  employing  RLM  steel  dome 
reflectors  with  200-watt  bowl  enameled  lamps  spaced  16  to  18  foot- 
centers  and  hung  12  to  14  ft.  from  the  floor.  This  will  provide 
about  4  or  5  foot  candles.  Higher  intensities,  which  are  advisable^ 
are  secured  by  placing  two  units  in  each  alley,  between  machines 
hung  12  ft.  from  floor,  using  RLM  steel  dome  reflectors  and  200- 
watt  bowl  enameled  Mazda  lamps,  giving  an  intensity  of  approxi- 
mately 10  foot-candles. 

If  glass  reflectors  are  used  a  pleasing  upward  component,  add- 
ing to  the  appearance  of  the  room,  making  it  more  cheerful  is 
secured. 

It  should  not  be  forgotten,  in  any  event,  to  provide  properly 
diffused  illumination  for  the  entire  room  including  all  aisles  in 
order  to  relieve  eye  strain. 
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DYEING 

Another  branch  of  the  silk  industry  that  presents  quite  a 
problem  for  the  illuminating  engineer  is  in  the  dye  house. 

On  the  basis  of  a  recent  investigation  a  system  was  installed 
in  a  modern  dye  house. 

Because  of  the  humid  atmosphere  existing  in  buildings  where 
dyeing  is  done,  vapor-proof  enclosing  globes  should  be  used  to  pro- 
tect lamp  base  and  socket  parts  from  corrosion.  Ordinary  vapor- 
proof  globes  give  the  same  light  distribution  as  bare  lamps  and  do 
not  protect  against  glare  from  excessively  bright  lamp  filaments. 

For  this  reason  a  prismatic  glass  vapor-proof  reflector  globe, 
designed  to  screw  into  a  cast  iron  or  lead  alloy  holder  containing 
lamp  socket,  is  often  used  with  150- watt  type  "C"  clear  Mazda 
lamp. 

The  distribution  produced  by  this  unit  has  the  maximum  candle 
power  at  55°  from  the  vertical  which  provided  a  uniform  intensity 
on  both  vertical  and  horizontal  surfaces,  a  necessary  factor.  A 
sharp  light  cut  off  at  60°  eliminates  objectionable  glare. 

Units  spaced  in  bays  10x10  feet  and  mounted  10  feet  from  the 
floor,  result  in  a  uniform  initial  intensity  of  1 2  foot-candles.  See 
Figure  3. 

An  important  point  in  dyeing  is  the  proper  matching  of  colors. 
Customers  usually  send  a  sample  of  color  wanted  or  specify  shade 
from  Standard  Color  Card. 

For  this  purpose  a  small  room  should  be  provided  so  constructed 
that  north  skylight  will  be  available.  At  times  when  this  is  not  to 
be  obtained  or  in  dark  hours,  the  best  sustitute  is  a  unit  producing 
artificial  daylight,  consisting  of  a  heavy  gauge  copper  hood  with 
a  one  piece  pot  glass  filter  with  the  color  in  the  ghiss.  Applied 
color  will  fade.  Regular  incandescent  lamps  are  used  which  are 
usually  supplied  willi  the  unit  to  insure  proper  size  and  type. 

It  is  suggested  that  cheap  unreliable  su!)stitutes  be  avoided  as 
the  cost  of  a  i)rop(T  type  of  color  matching  unit  is  madi*  many 
times  by  the  saving  in  having  goods  (ly(Ml  with  proper  shades. 
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CONCLUSION 

Other  phases  of  the  silk  industry  deserve  consideration,  such 
as  ribbon  weaving  and  Jacquard  broad  silk  weaving,  but  the 
machinery  in  these  branches  differ  widely  in  various  plants, 
especially  with  ribbon  weaving  and  it  might  be  suggested  to  treat 
each  problem  as  it  presents  itself;  although  it  might  be  said  that 
it  is  almost  impossible  to  use  anything  else  but  a  well  designed 
local  system  for  either  of  these  branches,  except  in  a  very  few  cases. 

In  conclusion,  it  might  be  added  that  practically  no  silk  plants 
can  operate  without  the  use  of  artificial  light  and  when  compared 
with  the  amount  of  money  represented  by  the  raw  and  finished 
material  handled  in  the  course  of  only  one  year,  the  cost  of  the 
best  possible  lighting  system  is  very  negligible. 


ABSTRACTnS 

In  this  section  of  the  Traxsactioxs  there  will  be  used  (i)  abstracts  of 
papers  of  general  interest  pertaining  to  the  field  of  illumination  appearing  in 
technical  journals,  (2)  abstracts  of  papers  presented  before  the  Illuminating 
Engineering  Society,  and  (3)  notes  on  research  problems  now  in  progress. 

DESIRABLE  DISTRIBUTION  OF  LIGHT  AND  BRIGHT- 
NESS FOR  THE  DINING-ROOM 


BY   M.    LUCKIESH*   AND   MARGARET   S.    FULLERTON** 


An  investigation  was  conducted  to  ascertain  the  most  desirable 
distribution  of  illumination  in  a  typical  dining-room,  1 5  '-4  "  wide 
and  2 1  '-6  "  long.  The  walls  were  of  two  tones  of  warm  gray,  the 
upper  walls  being  some  lighter  than  the  lower.  The  ceiling  was  a 
very  light  warm  gray,  commonly  termed  cream  white.  The  rug 
was  taupe  with  a  suggestion  of  rose  shade.  A  white  cloth  was  pro- 
vided for  the  table  and  experiments  were  conducted  with  and 
without  this  cloth.  A  bowl  with  brightly  colored  flowers  added  a 
final  touch  to  the  table.  Reflection-factors  of  these  various  areas 
are  presented  in  Table  I. 

TABLE   I 
Reflection-Factors  of  Important  Areas 

Per  cent 

Table  (without  white  cloth)  15 

Table  (with  white  cloth)  66 

Ceiling  61 

Upper  Walls  5^ 

Ix)wer  Walls  45 

I^ug  II 

The  fixture  used,  was  so  equipped  that  four  steps  of  illuminii- 
tion  were  obtained.  Step  o  was  constant  throughout  the  experi- 
ment and  consisted  of  one  75-watt  lamp  providing  "direct"  hght, 

•Dirpctor,  Laboratory  of  Applij-d  Srionro,  Niitioniil  Lamp  Works  of  G.  E.  Co..  Clov.lanii 
Ohio. 

♦♦Laboratory  of  Applird  Sri.rirr,  Nutioiml  Lump  Workw  of  (5.  E.  Co..  Clcvrlaml,  Ohio. 

Th«'  IllutiiinntinK  KnRiiM-crinK  Soricty  in  not  rt-nponiiiMo  fcr  fh«>  KlntrmmfM  or  opinitm* 
advanced  by  contributorn. 
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confined  to  the  top  of  the  table,  and  three  25-watt  lamps  providing 
a  ''semi-indirect"  component.  Step  i  consisted  of  Step  o  illumina- 
tion plus  three  25-watt  lamps  providing  a  component  of  ''indirect" 
lighting.  Step  2  consisted  of  Step  o  plus  three  50-watt  lamps  pro- 
viding "indirect"  lighting.  Step  3  added  to  the  illumination  of 
Step  o  three  25-watt  lamps  and  three  50-watt  lamps  providing  "in- 
direct lighting.  Foot-candle  readings  were  taken  on  the  table  and 
on  the  ceiling  at  four  different  points. 

TABLE   II 

Illumination  Intensities  on  Important  Areas 
Foot-Candles 


Step 

On  table 

At  various  points* 

on  ceiling 

Without  cloth  on  table 

With  cloth 

on  table 

II 

1234 

I                2 

3 

4 

0 

I.O              .3           O.I            0. I 

2.0           0.5 

0.2 

0. 1 

I 

12 

6.0         1.9        0.4        0.4 

7.0            2.2 

0.5 

0.5 

2 

13 

no        2.9        0.5        0.5 

12.0            3.0 

0.7 

0.6 

3 

14 

16.0        4.2        0.8        0.8 

17.0            4.5 

1.0 

0.9 

♦Point  I  was  directly  over  the  table  and  about  a  foot  from  the  center  of  the  room.  Point 
2  was  about  4  feet  from  the  center  of  the  room.  Point  3  was  about  6  feet  from  the  center  of  the 
room.    Point  4  was  about  ']]/2  feet  from  the  center  of  the  room. 

The  brightnesses  of  the  various  points  of  interest  are  presented 
in  Table  III. 

TABLE    III 

Brightnesses  of  Various  Surfaces  in  the  Room  in  Milli-lamberts 


Step 

Without  cloth 

on  table 

With  cloth 

on  table 

Table 

Lower 
Walls 

Upper 

Walls 

Ceiling 
(Pt.  I) 

Table 

Lower 

Walls 

Upper 
Walls 

Ceiling 
(Pt.  I) 

0 

1.72 

0.66 

7-75 

0.  I 

0.  II 

1-3 

I 

1.94 

0. 19 

0.28 

398 

8.5 

0.21 

0.32 

4-5 

2 

2.04 

0.29 

0.39 

7.2 

915 

0.32 

0.48 

7-85 

3 

2.26 

0.39 

0.52 

10.76 

9  9 

0.43 

0.57 

II.  19 

The  observer  was  asked  to  indicate  his  preference  of  these  four 
lightings  under  each  of  two  conditions,  namely  with  and  without  a 
white  cloth  on  the  table :  and  from  two  viewpoints  under  these  two 
conditions,  namely,  at  the  table  and  away  from  the  table.  When 
the  observer  first  made  his  choice  there  was  no  white  cloth  on  the 
table.  His  preference  was  determined  under  this  condition  with 
the  observer  away  from  the  table,  taking  a  general  or  mental 
photograph  of  the  room  as  a  whole.     Next  his  preference  was 
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determined  when  he  was  seated  at  the  table  without  a  white  cloth. 
The  white  cloth  was  then  put  on  the  table  and  the  observer  asked 
to  state  his  preference  under  this  condition  both  away  from  the 
table  and  at  the  table.  Forty  observers,  male  and  female,  were 
used  but  no  sex  difference  was  noted.  The  results  are  shown  in 
table  IV. 


TABLE   IV 
A  Summary  of  References 


Step 

Without  white  cloth 

With  white 

cloth 

Away  from 

table 

At  table 

Away  from  table 

At  table 

0 

4 

3 

2 

2 

I 

10 

18 

12 

15 

2 

19 

14 

23 

H 

3 

7 

5 

3 

9 

According  to  Table  IV  when  the  observer  was  viewing  the  room 
as  a  whole  and  there  was  no  white  cloth  on  the  dining-table,  Step  2 
was  the  most  desired  although  Step  3  was  a  close  second.  In  Table 
III,  it  is  seen  that  under  the  illumination  of  Step  2  the  table  and 
ceiling  are  the  brightest  areas  and  the  walls  are  less  bright.  These 
brightness  contrasts  are  just  great  enough  to  give  pleasing  prom- 
inence to  the  center  of  the  room,  namely  the  table.  Its  desirability 
above  the  other  steps  is  apparently  due  to  the  fact  that  in  the  other 
steps,  the  brightness  contrasts  are  too  great.  However,  from  a 
viewpoint  at  the  table,  under  this  same  condition,  Step  i  is  most 
preferred. 

When  the  white  cloth  is  added  to  the  dining-table,  the  same  two 
steps,  namely  Step  2  when  the  observer  is  away  from  the  table  and 
Step  I  when  observer  is  seated  at  the  table,  were  found  to  be  the 
most  preferred.  The  percentage  of  observers  choosing  these  two 
steps,  however,  is  higher  than  under  the  condition  without  the 
cloth.  That  is,  the  extremes  of  contrast  are  i^vvn  li\^s  pn^fornMl 
with  a  cloth  on  the  table.  In  T:il)l(^  III  it  is  s(hmi  that  the  white 
cloth  has  added  enormously  to  the  brightness  of  thc^  tal)le  but  not, 
in  proportion,  to  the  other  places  in  the  room.  This  makes  the 
brightness  contrast  between  the  table  and  th(»  n\hov  surfae(\^  in  tlie 
room  so  great  under  the  extremes  of  ilhimination  that  they  rank 
very  low  in  preference.  In  Step  1  ami  Step  2,  the  brightness  con- 
trasts are  not  as  great. 
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The  distribution  of  brightness  determines  the  pleasantness  of 
surroundings.  In  this  experiment,  it  is  found  that  the  desirable 
brightness  distribution  is  obtained  by  the  lighting  conditions  of 
Step  I  and  Step  2,  the  middle  steps  of  the  range  shown.  The  com- 
bination of  illumination  intensities  and  reflection-factors  is  respon- 
sible for  brightness  distribution.  The  experiment  shows  that  in  a 
given  dining-room  there  are  definite  ratios  of  upward  to  downward 
light  which  are  much  more  preferred  than  extremes  of  this  ratio. 
In  another  room  whose  reflection-factors  differed  greatly,  the  same 
range  of  ratios  obviously  would  not  produce  the  most  preferred 
distribution  of  brightness.  However,  in  any  room  there  is  a  ratio 
of  upward  to  downward  light  which  produces  approximately  the 
same  brightness  distribution  as  found  desirable  in  this  experimental 
room.  In  other  words,  there  is  always  a  ratio  of  upward  to  down- 
ward light  which  produces  a  pleasing  effect  but  it  varies  with  the 
decorative  scheme  of  the  room. 


WESTINGHOUSE   LAMP  COMPANY'S   TRAINING 

COURSE* 


BY   A.    R.    BENNINGTON** 


Realizing  that  the  future  growth  of  the  industry  depends  upon 
the  men  connected  therewith,  the  Management  of  the  Westing- 
house  Lamp  Company  has  arranged  a  systematic  Training  Course 
for  new  men  entering  the  Organization. 

An  Educational  Committee  consisting  of  Mr.  T.  G.  Whaling, 
General  Manager,  Chairman  and  Messrs.  E.  L.  Callahan,  Sales 
Manager,  H.  D.  Madden,  Supt.  of  Equipment  Dept.,  R.  E.  Myers, 
Chief  Engineer  and  F.  M.  Wicks,  Manager  of  Works,  as  members, 
was  appointed  by  the  Advisory  Board. 

The  Educational  Committee,  after  careful  consideration  of  the 
needs  of  the  Company,  recommended  the  organization  of  a  Train- 
ing Course  covering  a  period  of  three  months  for  general  instruc- 
tion in  lamp  manufacture  and  supplemented  by  three  months  of 
training  along  commercial  lines,  for  salesmen,  or  along  manufac- 
turing lines  for  men  taking  up  work  relating  to  lamp  production 
and  development. 

Schedules  covering  each  week  of  the  training  period  were  made 
up  and  are  being  put  into  effect,  so  that  each  student  is  transferred 
to  a  new  phase  of  the  work  at  regular  intervals.  The  student's 
observations  on  each  assignment  during  the  first  three  months  are 
directed  by  a  series  of  questions  and  note  books  are  provided  in 
which  he  is  encouraged  to  write  the  salient  facts  he  has  learned. 

The  Course  is  planned  to  give  men  taking  up  commercial  activi- 
ties, actual  training  with  agents,  thus  extending  to  sales  work  the 
practical  experience  method  which  has  been  successfully  used  in 
the  past  in  training  men  for  manufacturing  and  engineering  work. 

*()wiiiK  to  tli<>  iiirrciiNcd  ititcrcHt  in  the  trniiiiiiK  <>f  IlluiiiiiuititiK  luiKiiii-rm  iiiul  LiKlitiiiK 
HaloMmon  by  the  Contriil  StutiunM,  this  brirf  iiotr  in  vrry  timely. — Conimitter  on  EdUing  and 
Publication. 

**\\\  cliiirKi'  of  I'Miniil  ioiml  Dcpiirl  mciil .  WcMlinnluiusc  I.nmi)  ( 'o  .   \<\v  ^'nrk,  N.  V. 

The  IlluiuiniitinK  I']iiKi"«'<  rinn  Society  in  not  rt'spoiiMibli'  for  tin-  ?.t!it«iii<'iiif<  or  opiiuoiin 
(t«lviiiic«'<l  hy  cotitrihutorM. 
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During  the  week  July  30th  to  August  4th,  when  the  manufac- 
turing divisions  were  closed,  a  special  schedule  consisting  princi- 
pally of  lectures,  was  arranged  and  speakers  from  outside,  as  well  as 
within  the  organization,  gave  talks  on  various  subjects  relating  to 
illumination  and  the  commercial  phases  of  the  incandescent  lamp 
business.  As  this  forms  a  somewhat  unusual  plan  for  giving  men 
who  have  recently  joined  the  Organization  special  instruction, 
which  should  be  helpful  to  them  and  to  the  Company,  the  schedule 
for  the  week  is  given: 

TRAINING   COURSE   SCHEDULE:  JULY  30TH  TO 
AUG.  4TH,  INCLUSIVE 

Monday,  July  30th. 

8:45  A.  M. — ''Fundamentals    of    Illumination",    Mr.    C.  M. 
Doolittle,  Illumination  Bureau. 

10:00  A.  M. — "Work  of  our  Syndicate  Department,"  Mr.  Fred 
Kinsey,  Mgr. 

I  :oo  p.  M. — ''Merchandising  Department,"  Mr.   P.   C.   Pfen- 
ning, Mgr. 

3:00  p.  M. — "Work  of  Illumination  Bureau,"  Mr.  S.  G.  Hib- 
ben,  Mgr. 

Tuesday,  July  31st. 

8:45  A.  M. — "Lighting    Specifications    and    the    Foot    Candle 
Meter,"  Mr.  S.  G.  Hibben. 

10:00  A.  M. — "Electrical  Testing  Laboratories  Inspection  Ser- 
vice," Mr.  Preston  S.  Millar,  Gen.  Mgr. 

I  :oo  p.  M. — "Calculation  of  Illumination  for  Office." 

Wednesday,  August  1st. 

8:45  A.  M. — "Store  Window  Lighting,"  Mr.  D.  W.  Atwater, 
Illumination  Bureau. 

10:00  A.  M.— "Show  Window   Trimming,"   Mr.   R.   MacWil- 
liams,"  Adv.  Dept. 

I  p.  M. — "Calculation  of  Illumination  for  Factory." 
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Thursday,  August  2nd. 

8:45  A.  M. — ' 'Illumination  from  Central  Station  Standpoint," 
Mr.  W.  T.  Blackwell,  Illuminating  Engineer,  Public  Service 
Electric  Co. 

10:00  A.M. — ''George  Cutter  Equipment,"  Mr.  C.  H.  Stahl, 
Illuminating  Engineer,  George  Cutter  Works. 

I  :oo  p.  M. — "Merchandising  of  Westinghouse  Elec.  &  Mfg. 
Co.,"  Mr.  M.  C.  Turpin,  Mgr.  Sales  Promotion  Section, 
W.  E.  &  M.  Co. 

3  :oo  p.  M. — "Interior  Store  Arrangement,"  Mr.  R.  B.  Ely, 
Mdse.  Div. 

Friday,  August  5rd. 

8:45  A.  M. — "Commercial  Engineering  Problems,"  Mr.  A.  E. 
Snyder,  Asst.  to  Commercial  Engineer. 

10:00  A.M. — "Lighting  Units  and  Glasswares,"  Mr.  S.  G. 
Plibben. 

1:00  p.  M. — "Salesmanship,"  Mr.  F.  W.  Loomis,  Illuminating 
Engineer,  Duquesne  Light  Company. 

2:00  P.M. — "Sales  Experience," — Mr.  R.  G.  Reynolds,  Alex- 
ander Hamilton  Institute. 

3:00  p.  M. — "Calculation  of  Illumination  for  Drafting  Room." 

Saturday,  August  4th. 

8:45  A.  M. — "Calculation  of  Illumination  for  Street  Lighting." 

All  schedules  are  arranged  with  the  idea  of  giving  the  student 
a  broad  view  of  the  business  and  getting  him  to  appreciate  the 
correlation  of  the  work  of  the  various  sections  and  the  great  ad- 
vantage of  cooperation,  to  iiuhviduals  as  well  as  to  departments. 

Two  lectures  are  scheduled  for  each  week  of  the  entire  Training 
Course.  One  of  these  lectures  is  to  cover  a  manufacturing  subject 
and  one  is  to  relate  to  some  commercial  matter.  Th(\se  will  be 
given  by  a  department  head  or  by  others  who  iwv  qwAWiwd  to  talk 
ui)()n  the  sul)ject  chosen. 
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The  students  are  under  the  direction  of  foremen  or  those  who 
are  duly  quaUfied  in  the  section  in  which  the  students  are  assigned. 
Reports  on  the  students'  activity,  interest,  appHcation  and  other 
general  characteristics  are  made  by  the  foreman  at  the  end  of  the 
assignment  in  each  section.  These  reports  are  summarized  in  the 
Educational  Department,  on  a  record  blank,  for  each  student.  The 
file  of  student  records  is  open  for  inspection  by  anyone,  including 
the  students.  In  this  way  each  student  may  see  what  record  he 
has  made  and  is  encouraged  to  correct  any  undesirable  traits  he 
may  possess. 

Though  the  Training  Course  has  been  arranged  to  meet  the 
needs  of  men  graduating  from  college,  it  is  equally  adaptable  for 
men  who  have  satisfactory  qualifications,  especially  for  sales  work, 
even  though  they  may  not  have  had  the  advantages  of  college 
training. 


The  visitor's  first  glimpse  of  Lake  George,  when  approaching  by  motor  or  railroad  train. 
The  lake  is  40  miles  in  length  and  contains  hundreds  of  beautiful  islands. 


I'orl  WiliiJim  llriity  Ilotii.  I  !<  .i(l(|u;ii  lets  of  IVlli  Annu;il  (.oiivriilioii.  silvi.iUd  on  slM)rf 
(.(  I.itkc  (irorRc  facinK  up  '•""  '•••*'"  Ixtvsnii  \n^\\  lows  o|  iin|x>siMH  tnoiiiil.iinH. 


View  of  Lake  George  to  the  north  as  seen  from  the  verandas  of  the  hotel. 


The  Formal  Garden  and  Pergola  with  adjoining  buildings,  in  which  are  housed  a 
gift  shop,  tea-room,  and  sun  parlors. 


SOCIETY  AFFAIRS 

CONVENTION  NOTES 

The  Seventeenth  Annual  Convention  of  the  Society  will  be  held  at  the 
Fort  WiUiam  Henry  Hotel,  Lake  George,  N.  Y.,  September  24,  25,  26,  27  and 
28,  1923. 


GENERAL  CONVENTION  COMMITTEE 

W.  D'A.  Ryan,  Chairman 

H.  W.  l^CK,  Vice-Chairman 

H.  E.  Mahan,  Secretary 


Alexander  Anderson 
B.  S.  Beach 

N.  R.  BiRGE 

W.  T.  Blackwell 
S.  H.  Blake 
H.  Calvert 
A.  D.  Cameron 
Julius  Daniels 

E.  Y.  Davidson,  Jr. 

S.  E.  DOANE 

F.  H.  Gale 
Samuel  G.  Hibben 
Preston  S.  Millar 


G.  Bertram  Regar 

W.  L.  ROBB 

W.  M.  Skiff 
J.  L.  Stair 

C.  P.  Steinmetz 
G.  H,  Stickney 

D.  B.  Taylor 
R.  B.  Thompson 

E.  D.  Tillson 
C.  D.  Wagoner 
H.  F.  Wallace 

F.  H.  W^inkley 
L.  A.  S.  Wood 


Entertainment 
A.  D.  Cameron,  Chairman 

N.   R.   BiRGE 

S.  H.  Blake 

C.  A.  B.  Halvorson 

Publicity 

A.  F.  Dickerhon,  Chairman 

B.  S.  Beach 
R.  C.  Rod(;euh 

C.  D,  Wagoner 


Finance 

V.  M.  Wink  ley,  Chairman 
Alexander  Anderson 


SUB-COMMITTEES 

Attendance  and  Transportation 


J.  F.  Anderson 
W.  T.  Blackwell 
H.  Calvert 
L.  C.  Conant 
G.  G.  Cousins 
Julius  Daniels 

C.  G.  ElCHELBERGER 

G.  F.  Evans 

F.  A.  Galla(;her,  Jh. 
K.  W.  Mackall 
Preston  S.  Millar 
c.  v.  munhok 

G.  B.  Hk<;au 
W.  M.  Skiff 
Frank  V.  Taylor 
K.  D.  Tillson 

L.  E.  Voyer 


^'95 
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PROGRAM 

Monday,  September  24,  1923 

10:00  A.  M.  to  12 130  p.  M Registration 

2  :oo  p.  M.  to  5:00  p.  M General  Session 

Evening Entertainment  and  Informal  Dance 

Tuesday,  September  25,  1923 

9:00  A.  M.  to  12:00  p.  M Papers  Session 

2  :oo  p.  M.  to  5:00  p.  M Papers  Session 

Evening A  Night  of  Light  and  Color 

Wednesday,  September  26,  1923 

9:00  A.  M.  to  1 1 :45  A.  M Papers  Session 

12 :30  p.  M Motor  Trip  and  Lunch  in  Woods 

Evening Papers  Session 

Thursday,  September  27,  1923 

9:00  A.  M.  to  12  :oo  M Papers  Session 

2  :oo  p.  M.  to  5:00  p.  M Papers  Session 

Evening Banquet 

Friday,  September  28,  1923 
9:00  A.  M Section  Development  Conference 

No  special  entertainment  program  has  been  planned  for  Friday,  Septem- 
ber 28th,  but  opportunity  will  be  afforded  the  delegates  and  guests  to  make 
inspection  trips  to  Fort  Ticonderoga,  Saratoga  Springs,  Albany,  Schenectady 
(including  the  General  Electric  Co.  Works  and  the  Illuminating  Engineering 
Laboratory)  and  other  points  of  interest. 


1923  CONVENTION  PAPERS  PROGRAM 

Monday  Afternoon,  September  24,  2:00  p.  m. 

Address  of  Welcome,  Hon.  George  R.  Lunn 

Response  to  Address  of  Welcome 

President's  Address,  Ward  Harrison 

Survey  of  the  year's  work — Report  of  General  Secretary,  Samuel  G.  Hibben 

The  Year's  Progress  in  Illumination — Report  of  Committee  on  Progress, 

F.  E.  Cady,  Chairman 
Twelve  Solutions  of  a  Street  Lighting  Problem 

Tuesday  Morning,  September  25,  9:00  a.  m. 

Pageant  Street  Lighting,  Samuel  G.  Hibben 

The  Relation  of  Illumination  to  Production,  D.  P.  Hess  and  Ward  Harrison 

Salient  Features  in  Power  Station  Lighting,  R.  A.  Hopkins 
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Tuesday  Afternoon,  September  25,  12:30  p.  m. 

Boat  Trip  with  Session  of  Committee  Reports 

Motor  Vehicle  Lighting  Regulations — Committee  on  Motor  Vehicle  Lighting, 
Clayton  H.  Sharp,  Chairman 

Recent  Developments  in  Nomenclature  and  Standards — Committee  on  Nom- 
enclature and  Standards,  E.  C.  Crittenden,  Chairman 

Progress  of  the  Tentative  Code  of  Luminaire  Design — Committee  to  Co- 
operate with  Fixture  Manufacturers,  M.  Luckiesh,  Chairman 

How  to  Make  the  I.  E.  S.  a  Truly  National  Body — Committee  on  New  Sections 
and  Chapters,  D.  Mcfarlan  Moore,  Chairman 

Tuesday  Evening,  September  25,  7:45  p.  m. 
A  Night  of  Light  and  Color 
"Light" — The  Designer,  M.  Luckiesh 
Outdoor  Spectacular  Lighting  Display 

Wednesday  Morning,  September  26,  9:00  a.  m. 
Research   Problems — Report   of  Committee  on   Research,   E.    F.    Nichols, 

Chairman 
Visibility  of  Radiant  Energy,  K.  S.  Gibson  and  E.  P.  T.  Tyndall 
Some  Experiments  on  the  Speed  of  Vision,  Percy  W.  Cobb 
The  Colorimetry  and  Photometry  of  Daylight  and  Incandescent  Illuminants, 

I.  G.  Priest 
Further  Studies  of  the  Effect  of  Composition  of  Light  on  Important  Ocular 

Functions,  C.  E.  Ferree  and  G.  Rand 

Wednesday  Evening,  September  26,  7:30  p.  m. 
Artificial  Illumination  in  the  Iron  and  Steel  Industry,  W.  H.  Radamacher 
Working  with  the  Architect  on  Difficult  Lighting  Problems,  Messrs.  A.  D. 

Curtis  and  J.  L.  Stair 
Railway  Car  Lighting,  G.  E.  Hulse 
Depreciation  of  Lighting  Equipment  due  to  Dust  and  Dirt,  E.  A.  Anderson 

Thursday  Morning,  September  27,  9:00  a.  m. 

Determination  of  Daylight  Intensity  at  a  Window  Opening,  Report  of  Com- 
mittee on  Sky  BrightneSvS,  II.  II.  Kimball,  Chairman 

Daylighting  from  Windows,  H.  II.  lIicniK  and  G.  W.  Younolont!: 

Some  Principles  Governing  Proper  Utilization  of  the  Light  of  Day  in  Roof 
I'oncstration,  W.  S.  Brown 

Lighting  for  School  Buildings-  IVcliininary  Draft  of  Hovistnl  Code,  Report 
of  C'oniniittcc  on  Lighting  L<'gi.sl!il  ion,  L.  H.  Mahks,  Chairman,  and  Sul>- 
(/Ommittee  on  School  Ligiiting,  M.  Luckiesh,  Chairman 

TnuRHDAY  Aptkunoon,  September  27,  2:00  v.  m. 
Colored  I-ight,  by  M.  Lijckiksh  and  A.  If.  Taylor 

rrodwctior)  and  Growth  in  IMant.s  under  .Artificial  Ilhnnination,  R.  W    IIaunky 
The  HcHpon.sc  of  IMants  to  Artificial  Lighting,  liiujn  Findlay 
Unit  (vosts  of  Industrial  Ligliting,  Davih  H.  Tuck 
Testing  (^'olorcd  MH(<'rial  for  la.stnofla  to  Light,  II.  S.  Tmaykh 
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Friday  Morning,  September  28,  9:00  a.  m. 
There  will  be  held  a  Section  Development  Conference  for  Officers  and 
Committee  Chairmen  of  Sections  and  Chapters  and  all  others  interested. 

ENTERTAINMENT 

The  entertainment  features  of  the  convention  will  include  automobile 
trips  to  points  of  historic  interest,  a  boat  ride  on  Lake  George,  and  a  motor 
trip  to  Tripp  Lake  Lodge  with  luncheon  in  the  woods. 

For  those  who  play  golf,  tournaments  have  been  arranged  at  a  time  which 
will  n  ot  conflict  with  the  regular  business  sessions.  Cards,  teas,  motor-boat 
trips,  and  a  musical  for  the  ladies  are  also  included  in  the  program.  The  ban- 
quet will  be  held  Thursday  night,  to  which  all  delegates  to  the  convention 
are  invited. 

The  Entertainment  Committee  has  planned  several  novel  features  which 
will  be  in  the  nature  of  surprises. 

The  advanced  registration  indicates  that  this  will  probably  be  the  largest 
convention  in  the  history  of  the  Society.  Inasmuch  as  the  committee  is  mak- 
ing special  arrangements  for  the  ladies,  it  is  hoped  that  delegates  will  bring 
their  wives  where  possible. 


CONVENTION  BRIEFS 

Tuesday  evening  has  been  set  aside  as  "A  Night  of  Light  and  Color." 


Detailed  plans  for  special  lighting  have  been  completed  and  promise  to 
surpass  in  spectacular  effect  and  all  around  interest  anything  yet  attempted 
by  the  Society.  A  battery  of  great  searchlights  forming  a  scintillator  of  moving 
colored  beams,  will  be  the  big  event  of  the  Convention.  This  scintillator  will 
be  located  on  the  wharf  in  front  of  the  Fort  William  Henry  Hotel,  and  will 
send  a  multitude  of  powerful  rays  into  the  sky  in  a  fan-like  formation.  By 
means  of  colored  slides  and  a  well  drilled  corps  of  operators,  the  beams  will 
be  constantly  changed  in  colors,  one  blending  into  another  to  give  a  startling 
and  beautiful  rainbow  effect. 


An  elaborate  program  of  fireworks  is  another  feature,  a  high  point  of  which 
will  be  the  explosion  of  the  largest  bomb  used  in  such  displays.  A  jeweled 
emblem  of  the  Society,  illuminated  in  various  colors  by  floodlights  is  another 
thing  of  interest  on  which  the  Committee  is  working.  This  will  be  placed  on 
the  ground  near  the  hotel. 


There  should  not  be  a  dull  moment  for  the  ladies  as  automobile  rides, 
dancing,  golf  contests,  teas,  motor-boat  rides,  musicales,  bridge  tournaments 
and  other  features  have  been  prepared  for  their  entertainment. 


The  Philadelphia  Section  wishes  to  formally  advise  all  other  Sections  that 
it  intends  to  take  the  attendance  prize  at  the  national  convention  at  Lake 
George,  N.  Y.     The  Cleveland  Chapter  won  the  prize,  a  silver-band  gavel, 
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last  year  and  have  sent  word  that  it  will  be  retained  by  them  this  year.  The 
New  York  and  New  England  Sections  promise  large  delegations,  and  also 
the  Chicago  Section  will  be  well  represented.  Canada  will  send  a  number  of 
delegates  from  the  Toronto  Chapter. 


During  the  evenings  of  late  September  at  Lake  George  light-weight  over- 
coats and  wTaps  will  be  needed. 


SECTION  ACTIVITIES 
CLEVELAND  CHAPTER 

The  following  men  have  been  elected  as  officers  of  the  Cleveland  Chapter 
for  the  coming  year: 

Chairman,  Prof.  H.  B.  Dates;  Secretary,  Robert  A.  Fulton;  Chairman 
Papers  Committee,  E.  W.  Commery;  Board  of  Managers,  H.  L.  Wright, 
C.  L.  Dows,  J.  W.  Beam,  E.  W.  Commery,  P.  C.  Pfenning. 


NEWS  ITEMS 
At  the  annual  convention  of  the   Nation   Council  of  Lighting  Fixture 
Manufacturers,  held  in  Buffalo,  June  26  to  28,  Mr.  Herman  Plaut,  of  New 
York,  was  elected  president  for  the  ensuing  year. 


Capt.  D.  W.  Blakeslee,  Electrical  Engineer,  Jones  &  Laughlin  Steel  Corpor- 
ation, Pittsburgh,  Pa.,  married  Miss  Margaret  K.  Steel  of  Pittsburgh  on  June 
first. 


Mr.  Frederick  J.  McGuire,  of  the  Department  of  Water  Supply,  Gas, 
and  Electricity,  New  York  City,  has  again  planned,  in  coo|x^ration  with  the 
Department  of  Education,  to  continue  thi.s  year  chisses  of  instruction  in 
"Practical  Artificial  Lighting"  in  the  evening  trade  schools  in  Brooklyn  and 
in  New  York. 

GENERAL  OFFICE  NOTES 

A  new  Membership  List  was  pul)lished  during  the  summer,  whicli  is  a 
rcvi.sion  of  the  19 19  list.  Reply  postal  canl.s  were  sent  to  every  member  and 
only  a  small  jxTcentage  were  returned  to  the  General  Office.  Care  was  taken 
to  make  the  new  list  as  accurate  as  possible.  A  number  of  errors  have  been 
report(!d,  and  it  is  requested  that  members  advise  the  General  Secretary  im- 
mediately of  any  change  of  a(l(lr(\ss,  or  other  items  that  should  be  corrected. 

An  (irratu  j)Hg('  will  be  included  in  a  future  issue  of  the  'ru.\NSAt''rioNs. 


TiiANHACTlONs  for  October,  November  and  December.  H)22,  and  Jan- 
uary, February,  March,  .April  .ind  May,  192.^,  an*  out  of  prnit.  Ple.'use 
advi.se  the  (JeuerHl  S<'cretary  of  any  of  these  issues  for  s;ile  ;iiul  price  will  be 
quoted. 
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COUNCIL  NOTES 


ITEMS  OF  INTEREST 


At  the  meeting  of  the  Executive  Committee  on  July  27,  1923  the  following 
were  elected  to  membership: 

Two  Members 

Hatch,  B.  E.,  Westinghouse  Elec.  &  Mfg.  Co.,  1442  Widener  Bldg.,  Philadel- 
phia, Pa. 
Savage,  Arthxjr  H.,  A.  H.  Savage  Co.,  914  Pioneer  Bldg.,  St.  Paul,  Minn. 

Eighteen  Associate  Members 

Alexander,  George  L.,  International  General  Electric  Co.,  Schenectady, 
N.  Y. 

Bell,  Howard  H.,  General  Electric  Co.,  Schenectady,  N.  Y. 

BoTSFORD,  C.  J.,  Westinghouse  Lamp  Co.,  165  Broadway,  New  York,  N.  Y. 

FucHs,  Thegdore,  Jr.,  Edison  Lamp  Works,  Harrison,  N.  J. 

Gawan,  Louis  B.,  Utah  Power  &  Light  Co.,  132  Main  St.,  Salt  Lake  City, 
Utah. 

GoTTscHE,  A.  L.,  Westinghouse  Elec.  &  Mfg.  Co.,  George  Cutter  Works, 
South  Bend,  Ind. 

Hill,  George  A.,  National  X-Ray  Reflector  Co.,  235  W.  Jackson  Blvd.,  Chi- 
cago, 111. 

Howard,  Harold  W.,  General  Electric  Co.,  Schenectady,  N.  Y. 

Kinney,  Raymond  C,  Western  Electric  Co.,  Hawthorn  Plant,  Dept.  6723, 
Chicago,  111. 

Labelle,  Philip  R.,  Shawinigan  Water  &  Power  Co.,  621  Power  Bldg., 
Montreal,  Quebec,  Canada. 

NoRRis,  B.  H.,  General  Electric  Co.,  Schenectady,  N.  Y. 

Proffatt,  Charles  P.,  Universal  Elec.  Co.,  701  Asbury  Ave,  Ocean  City, 
N.  J. 

Simons,  S.  A.,  Save  Electric  Corp.,  254-36th  St.,  Brooklyn,  N.  Y. 

Sweeney,  George  J.,  United  Elec.  Light  &  Power  Co.,  514  W.  147th  St., 
New  York,  N.  Y. 

Wernert,  a.  L.,  Texas  Central  Power  Co.,  ist  Nat'l  Bank  Bldg.,  San  Antonio, 
Tex. 

Wilson,  Edwin  S.,  Philadelphia  Electric  Co.,  3100  Kensington  Ave.,  Phila- 
delphia, Pa. 

Winkler,  Clem  R.,  Arkansas  Central  Power  Co.,  115  W.  4th  St.,  Little 
Rock,  Ark. 

ZiEME,  Harry,  Penn  Public  Service  Corp.,  222  Levergood  St.,  Johnstown,  Pa. 

Two  Sustaining  Members 

Frink,  I.  P.,  Inc.,  24th  St.  &  loth  Ave.,  New  York,  N.  Y. 

William  H.  Spencer,  Official  Representative. 
Western  Electric  Co.,  195  Broadway,  New  York,  N.  Y. 

E.  J.  Dailey,  Jr.,  Official  Representative. 
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The  General  Secretary  reported  the  deaths  of  two  Associate  Members: 
L.  H.  Plaisted,  Columbus  Railway  Power  &  Light  Co.,  Columbus,  Ohio;  C.  A. 
Strong,  79  Milk  Street,  Boston,  Mass. 


At  the  meeting  of  the  Executive  Committee  on  August  30,  1923,  the  fol- 
lowing were  elected  to  membership: 

Two  Members 
Bergman,  Axel  G.,  Ordnance  Engineering  Corp.,  170  Broadway,  New  York. 
Wible,  Harvey  M.,  Westinghouse  Elec.  &  Mfg.  Co.,  George  Cutter  Works, 
South  Bend,  Ind. 

Eleven  Associate  Members 

Allen,  Francis  P.,  Elec.  Light  &  Power  Co.,  of  Abington,  64  Charles  Street,  N 
Abington,  Mass. 

Bremmer,  R.  C,  Pacific  States  Elec.  Co.,  61  North  5th  St.,  Portland,  Ore. 

Dudley,  M.  E.,  M.  E.  Dudley  Co.,  1044  Garfield  St.,  Lincoln,  Neb. 

Glass,  David  Hasler,  Jr.,  Buick  Motor  Co.,  604  Garland  St.,  Flint,  Mich. 

Gowdy,  Robert  Clyde,  University  of  Cincinnati,  Cincinnati,  Ohio. 

Johnson,  Wilber  M.,  National  Lamp  Works  of  G.  E.  Co.,  Nela  Park,  Cleve- 
land, Ohio. 

Kent,  Charles  N.,  12  East  46th  St.,  New  York,  N.  Y. 

Smith,  Harold  C,  Catton  Neill  &  Co.,  Fort  St.  &  Beretania,  Honolulu,  Hawaii. 

Thompson,  Willard  W.,  Hixon  Electric  Co.,  308  Dover  St.,  Boston,  Mass. 

Tracy,  Charles  R.,  Penn.  &  Ohio  Power  &  Light  Co.,  P.  O.  Box  58,  Youngs- 
town,  Ohio. 

Wright,  George  Ellery,  University  of  Illinois,  Urbana,  111. 

One  Transfer  to  Full  Membership 

Alden,  Walter  A.,  Westinghouse  Elec.  &  Mfg.  Co.,  420  S.  San  Pedro  St.,  Los 
Angeles,  Calif. 

One  Transfer  to  Associate  Membership 

Nodell,  W.  L.,  1405  Eighth  Ave.,  Brooklyn,  N.  Y. 


ILLUMINATION  INDEX 


Prepared  by  the  Committee  on  Progress 


An  index  of  references  to  books,  papers,  editorials,  news  and  abstracts  on  illumi- 
nating engineering  and  allied  subjects.  This  index  is  arranged  alphabetically  according 
to  the  names  of  the  reference  publications.  The  references  are  then  given  in  order  of 
the  date  of  publication.  Important  references  not  appearing  herein  should  be  called 
to  the  attention  of  the  Illuminating  Engineering  Society,  29  W.  39th  St.,  New  York, 
N.  Y. 


AUTHOR 

DATE 

page 

American  Architect  &  Architectural  Review 

Daylight  in  Buildings — I 

Percy  E.  Nobbs 

July  4 

I 

Daylight  in  Buildings — II 

Percy  E.  Nobbs 

Aug.  I 

99 

American  Journal  of  Ophthalmology 

Intensity  of  Stimulus  and  Size  and  Shape 

C.  E.  Ferree  and 

of  Color  Fields 

G.  Rand 

June 

453 

American  Journal  of  Ophthalmology 

Conservation  of  Vision 

July 

610 

Effect  of  Increase  of  Intensity  of  Illumina- 

tion on  Acuity  and  Intensity  of  Illumi- 

C. E.  Ferree  and 

nation  of  Test  Charts 

G.  Rand 

Aug. 

672 

Variations  in  Normal  Visual  Acuity  in  Re- 

Alfred Corvan 

Aug 

676 

lation  to  the  Retinal  Cones 

American  Journal  of  Physiological  Optics 

The  Nature  of  Light 

Planck 

July 

273 

A  New  Theory  of  Vision 

Schanz 

July 

284 

American  Journal  of  Physiology 

The  Sensibility  of  the  Eye  to  Differences  in 

Henry  Laurens  and 

Wave-Length 

W.  F.  Hamilton 

Aug.  I 

■  547 

The  Sensibility  of  the  Eye  to  Differences 

in  Wave-Length  in  Relation  to  Color 

W.  F.  Hamiltom  and 

Blindness — 

Henry  Laurens 

Aug.  I 

569 

Annalen  der  Physik 

Die  Spektralanalyse  der  seltenen  Erden 

J.  M.  Eder 

May  23 

12 

Architectural  Forum 

The  Lighting  of  Banks 

A.  L.  Powell 

June 

297 

Central  Station 

Better  Lighting  of  Drug  Stores 

Walter  Sturrock 

June 

384 

Highway  Lighting  of  Vital  Interest  to 

Central  Stations 

W.  R.  Huntley 

July 

10 

Street  Lighting  for  the  Small  City 

G.  E.  McNair 

Aug. 

39 

702 


Apr.  20 

1379 

June  20 

2081 

June  20 

2196 

July  20 

2384 

July  20 

2384 

July  20 

2384 

Aug.  10 

2537 

May  22 

1465 
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Chemical  Abstracts 

Arc  between  carbon  and  mercury  electrodes  A.  Sellerio 

Luminescence  in  chemical  reactions  H.  Zocher  and 

H.  Kautsky 

Brightness,  whiteness  and  hiding  power  of 

opaque  white  pigments,  paints,  and  H.  A.  Gardner  and 

enamel  P.  C.  Holdt 

Loss  of  color  in  objects  exposed  to  light  Sidney  F.  Harmer 

The  fadeometer  and  measurement  of  fad- 
ing A.  D.  Lang 

Further  experiments  on  the  measurement  of  T.  M.  Lowry  and 

color  L.  P.  McHatton 

A  very  high  intensity  arc  discharge  (suit-  H.  Gerdien  and 

able  also  for  nitrogen  fixation)  A.  Lotz 

Comptes  Rendus 

Action  de  la  lumiere  sur  les  emetiques  M.  Volmer 

Une  application  du  pouvoir  antioxygene 
des  polyphenols:  accroissement  de  la 
solidite  a  la  lumiere  des  colorants  sur     Alfred  Gillet  and 

fibre  Fernand  Giot  May  28  1558 

Action  de  la  lumiere  sur  la  croissance  E.  Wollman  and 

M.  Vaghano  June  4  1653 

Sur  une  combine  ison  de  reflecteurs  (auto 

headlight)  Marsat  July  2  37 

Sur  la  psycho-physiologie  des  phenomenes     A.  Quidor  and  M-A. 

Hcrubel  July  23  285 

L'action  de  la  lumiere  sur  les  variations  de     E.  Lesne,  L.  de  Germes 

la  calcemie  chez  les  rachitiques  et  Guillaumia  July  23  291 

Electric  Journal 

Flashlight  Characteristics*  T.  Spooner  and 

C.  F.  Royce  Apr.  '22  150 

Motion  Picture    Projection    with   Incan- 
descent Lamps  C.  M.  Doolittle  Juno  226 

Electrical  News 

The  Illumination  of  a  Building  a  Most  Im- 
portant Consideration  M.  C.  Henderson       June  15  49 
5000  Luminairea  Installed  in  Mount  Uoyal 

Hotel—  L.  V.  Webber  Aug.  i  43 

Electrical  Record 

Light  That  Brings  Out  the  Picture—  A.  L.  Powell,  A.S. 

Turner  nnd  H.  A. 

( 'ook  July  3 

Lighting  to  Sf)eed  Air  Mail  Service —  July  10 

('lijirl.M  and  P'igurrH  Showing  I^roprr  Main- 

tcnnncc  Incr('a.s(\s  IsfliciriK  y  July  53 

•Not  prcvioiinly  rcviowod. 
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R.  B.  Matthews 


Elimination  of  Glare  and  Shadows  Prere- 
quisites in  Lighting  Automobile  Dis- 
play Rooms — 

Lincoln  Memorial  Fountains  to  be  Lighted 

Local  Lighting  Supplemented  with  General 
Overhead  System  (for  machine  shop) — 

Keep  Colored  Lamps  Clean 

Reflecting  Units  Installed  on  Tops  of  Show- 
cases Produce  Interesting  Lighting  In- 
stallation— 

Electrical  Review 

Electro-farming  (lighting), 

Lifeboat  Illumination — 

Industrial  Lighting 

A  Lighting  Service  Department 
Electrical  Times 

Street  Lighting  in  Bendigo 
Electrical  Times 

Workshop  Lighting — 

Neon  Tube  Lighting — 

Electrical 

Electricity  at  the  Shriners'  Convention 

City  Zoning  of  Street  Lighting 

Better  Lighting  Increases  Production  35% 

An  Argument  for  Better  Street  Lighting 

Opportunity  in  the  Extension  of  Highway 
Lighting 

Canada  to  Separate  Lighting  and  Heating 
Figures 

Architect  and  Electrical  Engineer  (Light- 
ing) 

Working  Together  for  Improved  Lighting  (Editorial) 

Life  Tests  and  Inspection  of  Electric  Lamps 

Manufacture  of  Lamp  Bulbs  G.  Gehlhoflf 

Department  Store  Illumination 

Los  Angeles  Improving  Its  Lighting  Sys- 
tem 

Lighting  the  Air  Mail  Path 
Electragist 

Modem  Window  Lighting — 

Cincinnati  Fall  Festival  (Lighting) — 
Electrician 

The  Use  of  Reflectors — 

Renewing  Electric  Lamps —  E.  Gamba 

Progress  in  Industrial  Lighting — 

A  New  Vogue  in  Lighting  Equipment 
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tTber  Verfarbung  und  Lumineszenz  durch  Stefan  Meyer  and 

Becquerelstrahlen —  Karl  Przibram  Band  100  334 
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sehens —  Fritz  Weigert  Band  100  537 
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Ostwalds  Farbenlehre —  L.  Block  No.  4,  1923       175 

Zeitschrift  fiir  wissenshaften  Photographie 
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TRANnSACTION^ 

OF  THE 
ILLUMINATING  ENGINEERING  SOCIETY 

Vol.  XVIII  October,  1923  No.  8 

Service 

THE  Accomplishments  of  the  Illuminating  Engineering 
Society,  since  its  inception  seventeen  years  ago,  have  been 
noteworthy  in  its  direction  of  advancing  the  knowledge  of  the 
science  and  art  of  Illuminating  Engineering.  That  its  endeavors 
in  this  field  have  been  recognized  is  evidenced  by  its  growth  and 
continuous  success.  It  should  not,  however,  rest  upon  these 
achievements  alone,  but  these  activities  should  be  accompanied  by 
an  earnest  effort  to  be  also  of  material  value  in  creating  agencies 
through  which  the  information  and  data  acquired  may  be  sent 
broadcast  to  the  thousands  of  interested  individuals  in  the  lighting 
industry  spread  out  over  the  country. 

The  Constitution  of  the  Society  provides  a  means  by  which  this 
may  be  accomplished.  In  fact,  it  offers  two  ways:  First — the 
society  publication.  Transactions,  an  excellent  means  of 
spreading  the  knowledge,  which  is  a  reference  and  permanent 
record  of  our  activities;  Second — and  of  (wtreme  importance, 
through  the  modium  of  meetings  of  the  Sections  and  Chapters. 
Not  enough  stress  can  be  laid  upon  \hv  latliT  int^thod.  As  these 
meetings  increase  in  importance,  attendance  and  popularity,  the 
service  to  the  industry  increases  in  like  proportion.  Yd  there  is 
not  a  sufficient  number  of  these  Sections  and  Chapters,  as  they 
should  be  established  in  all  of  our  larger  cities,  and  it  is  for  this 
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purpose  solely  that  great  emphasis  is  now  being  placed  upon  this 
activity.  The  importance  of  this  issue  must  not  be  underestimated 
for  the  proper  functioning  of  the  Society  as  a  whole  depends  prin- 
cipally upon  its  Sections  and  Chapters  and  through  their  success 
only  can  our  organization  establish  a  very  definite  standing  in  the 
lighting  industry  and  increase  our  opportunities  to  be  of  actual 
service  to  all  branches. 

It  is  primarily  our  function  to  disseminate  useful  information 
that  will  aid  in  bringing  about  improved  lighting  conditions.  This 
can  more  readily  be  accomplished  by  a  closer  cooperation  of  the 
various  Sections,  Chapters  and  Local  Representatives  throughout 
the  country.  The  progress  made  by  us  has  a  material  bearing  upon 
the  atmosphere  of  a  community,  and  it  is  our  great  responsibility, 
therefore,  to  see  that  all  channels  through  which  our  information 
may  be  disseminated  are  taken  advantage  of.  And,  by  close  com- 
munion of  these  agencies  we  can  more  readily  accomplish  our 
object  of  rendering  a  real  service  to  the  industry.  Progression, 
not  retrogression  should  be  our  constant  aim,  which  might  be 
reduced  to  a  formula: — 

(S+C)°  =  (s+a+r)   o   true  SERVICE 
transcribed  meaning,  Sections,  plus  Chapters,  to  the  nth  power^ 
should  yield  Suggestions,  plus  Action,  plus  Results,  which  again 
reduced,  yields  TR  UE  SERVICE. 


Foreword  on  Proposed  Activities  of  Committees 


BY  CLARENCE  L.  LAW 


AT  the  suggestion  of  the  Committee  on  Editing  and  Publication 
-^  ^  a  communication  was  sent  to  each  Committee  Chairman,  ask- 
ing for  a  brief  statement  on  the  proposed  activities  of  their  Com- 
mittees for  the  coming  administrative  year. 

The  response  to  this  request  was  very  gratifying  and  the  reports 
that  follow  will  give  some  idea  of  the  proposed  work  which  the 
Committees  will  undertake. 

The  functions  of  the  Board  of  Examiners  and  the  Finance 
Committee  are  outlined  in  the  Constitution  and  therefore,  no 
statement  from  these  Chairmen  has  been  made. 

It  is  hoped  that  all  Committee  Chairmen  will  feel  free  to  attend 
any  or  all  of  the  Council  Meetings,  held  each  month  during  the 
year,  so  that  they  may  have  the  opportunity  of  reporting  personally 
on  the  progress  of  their  Committee  as  well  as  to  form  some  idea  as 
to  how  the  Council  functions. 

Council  Meetings  are  held  the  second  Thursday  of  each  month, 
at  the  headquarters  of  the  Society,  unless  otherwise  arranged. 
Committee  Chairmen,  when  attending  these  Council  Meetings, 
should  be  prepared  to  report  briefly,  as  the  time  at  the  disposal  of 
the  members  is  limited. 


Committee  on  Papers 

The  Committee  on  Papers  is  planning  to  render  as  much  service 
as  possible  to  Sections  and  Chapters.  As  a  step  in  this  direction  we 
are  now  at  work  compiling  a  list  of  available  sources  of  speakers 
and  papers. 

Several  of  the  manufacturers,  laboratories  and  other  organiza- 
tions have  men  who  frequently  travel  about  the  country.  Many 
of  these  men  are  recognized  leaders  in  the  development  of  the  art  of 
illumination.  It  is  believed  that  in  gcMieral  they  would  be  glad  to 
address  sections  or  chai)t('rs  as  opportunities  arise. 

The  Committee  on  Paf)ers  will  send  each  Section,  Chapter  and 
Local  Representative  a  list  of  men  who  arc  willing  to  volunteer  for 
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this  activity,  the  subjects  on  which  they  are  best  quahfied  to  talk, 
and  will  further  endeavor  to  develop  some  scheme  whereby  the 
official  representative  is  kept  informed  of  travelling  itineraries,  etc. 

To  expedite  publication  of  the  Transactions  it  is  planned  to 
more  closely  coordinate  the  work  of  the  general  committee  with  the 
sectional  committees.  When  papers  of  interest  to  the  Society  as  a 
whole  are  presented  before  sections  they  should  appear  in  the 
Transactions.  It  has  been  somewhat  difficult  in  the  past  for  the 
office  to  obtain  copies  for  consideration.  This  is  a  matter  calling 
for  closer  cooperation  on  the  part  of  Section  Chairmen. 

It  is  hoped  to  make  the  program  at  the  annual  convention  as  far 
as  possible  of  direct  practical  value  to  the  rank  and  file  of  the  mem- 
bership. It  is  believed  that  a  few  papers  of  the  highest  grade  are 
preferable  to  a  long  program  treating  many  subjects.  To  this  end 
the  Committee  will  welcome  suggestions  as  to  topics  that  are 
believed  to  be  timely  and  of  the  greatest  value  to  the  greatest  num- 
ber. With  these  suggestions  in  hand  your  Committee  will  endeavor 
to  obtain  a  paper  from  the  best  authority  on  that  particular  phase 
of  the  art. 

It  seems  desirable  to  have  more  discussions  of  papers  than  has 
sometimes  prevailed.  It  is  in  discussion  that  the  various  sides  of  a 
given  question  are  brought  forth.  For  this  to  take  place  it  is  neces- 
sary that  the  papers  be  available  for  study  by  the  members  in 
advance  of  the  convention.  The  attempt  will  therefore  be  made  to 
carry  out  this  and  a  special  effort  to  secure  discussion  from  those 
qualified. 

The  Committee  bespeaks  your  interest,  cooperation  and  frank- 
expression  of  opinion  on  its  work. 

Alvin  L.  Powell,  Chairman 

Committee  on  Editing  and  Publication 

The  Transactions  of  the  Society  are  perhaps  the  biggest  single 
effort  which  is  undertaken  by  the  Society.  The  direct  expense  of 
printing  and  publication  is  about  one  third  of  the  Society's  expenses 
and  if  the  General  Office  expenses  for  labor,  printing  and  postage  in 
this  connection  is  allocated  to  the  proper  cause,  the  expense  of  the 
Society  for  the  Transactions  will  probabl}^  be  found  to  be  about 
half  of  its  income. 
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Realizing  this  and  that  the  Transactions  are  the  medium 
for  reaching  all  of  the  membership  (it  is  probable  that  less  than 
one  half  of  the  membership  is  affiliated  closely  with  the  sectional  or 
chapter  activities)  it  is  the  Committee's  hope  that  the  Transac- 
tions may  be  made,  even  more  than  in  the  past,  a  medium  for 
the  dissemination  of  news  of  the  industry  in  addition  to  its  function 
as  the  archives  of  the  Society's  dehberations. 

The  attempt  will  be  made  this  year  in  cooperation  with  the 
Committee  on  Papers  to  issue  the  Transactions  on  a  definite 
schedule.  The  membership  in  general  can  help  this  program  in 
two  ways. 

First,  by  sending  to  the  General  Office  when  occasion  permits, 
notes  on  items  of  interest  to  lighting  men,  clippings  from  other 
papers  for  our  Reflections  section  and  news  of  the  various  unusual 
installations  which  are  being  completed  from  time  to  time,  or  notes 
about  men  of  the  industry; 

Second,  by  correcting  and  returning  promptly  manuscripts  for 
discussion.  A  copy  of  the  Transactions  is  in  a  sense  like  a 
picture  puzzle,  almost  useless  unless  all  the  parts  are  available 
and  in  their  proper  positions. 

The  Committee  bespeaks  your  active  cooperation  in  these  two 
particulars  and  promises  that  as  this  is  effected,  it  will  be  reflected 
in  a  corresponding  improvement  in  the  numbers  of  the  Trans- 
actions which  come  to  you. 

Norman  D.  Macdonald,  Chairman 

Committee  on  Lighting  Legislation. 

During  the  year  1923-24  the  Committee  will  be  occupied  largely 
with  a  campaign  to  })ring  the  revised  Code  of  Lighting  School  Build- 
ings to  the  attention  of  legislative  bodies,  school  boards,  architects, 
and  others  interested  in  enactments,  rules,  and  regulations  in  regard 
to  school  buildings. 

It  is  phuuicd  to  issue  a  simplified  version  of  this  Code,  much 
abbreviated,  for  the  use  of  those  who  find  the  present  Code  too 
technical. 

The  campaign  of  education  to  he  conducted  in  connection  with 
the  iut  rod  net  ion  of  t  hv  School  Light  ing  (  \h\v  and  t  Ik*  adopt  ion  of  this 
Code  by  the  states  will  be  much  the  same  as  tin*  campaign  that  was 
conducted  in  the  case  of  the  Factory  Lighting  (  ode.    The  work  on 
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both  of  these  Codes  will  be  carried  on  along  similar  lines  under  the 
following  headings : 

(a)  Preparation  of  a  guide  to  inspectors  and  cooperation  with 
states,  municipalities  and  others  in  interpreting  the  rules,  regula- 
tions and  provisions  of  the  Codes. 

(b)  Lectures  by  representatives  of  the  Committee,  to  school 
authorities  and  factory  representatives. 

(c)  Service  on  international,  national,  state  and  mum'cipal 
committees. 

(d)  Representation  at  public  hearings  on  the  Codes. 

(e)  Circularization  to  legislative  bodies  in  those  states  that 
have  not  put  the  Codes  into  effect. 

The  Committee  plans  to  continue  the  campaign  to  further  the 
general  recognition  of  the  importance  of  light  as  a  factor  in  accident 
prevention,  and  in  particular  to  bring  about  the  inclusion  of  the 
item  of  lighting  as  a  prominent  clause  in  all  industrial  accident 
insurance  policies. 

Louis  B.  Marks,  Chairman, 

Committee  on  Membership 

The  splendid  work  of  the  Committee  on  Membership  aided  by  the 
members  in  general  resulted  in  the  election  of  289  new  members 
during  the  past  year, — an  increase  of  58.5  per  cent  over  the  mem- 
bers elected  during  the  preceding  year. 

The  aim  of  the  Society,  namely,  *'The  dissemination  of  knowl- 
edge relating  to  the  theory  and  practice  of  Illuminating  Engineer- 
ing" can  best  be  accomplished  by  an  ever-increasing  membership 
in  the  Society. 

A  knowledge  of  the  principles  of  Illuminating  Engineering 
brings  about  the  realization  of  the  great  benefit  it  engenders  to 
mankind  and  the  creative  force  it  is  to  more  and  better  business. 

The  Committee  on  Membership  has  signified  its  willingness  to 
serve  again  in  that  capacity,  and  the  Society  may  rest  assured  that 
they  will  do  everything  in  their  power  to  surpass  the  splendid 
record  just  made.  It  seems  only  fair  to  expect  that  the  members  in 
general  will  do  their  part  and  the  procuring  of  one  new  member  by 
each  member  of  the  Society  would  mean  the  doubling  of  its  mem- 
bership and  would  evidence  on  their  part  a  serious  interest  in  the 
Society's  welfare. 
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The  Chairman  sincerely  hopes  for  this  cooperation,  and  will  be 
very  glad  to  give  any  information  or  aid  to  any  member  having 
a  prospective  member  in  view.  He  further  desires  to  express  his 
appreciation  to  all  those  who  aided  in  the  past  year's  activities. 

G.  Bertram  Regar,  Chairman, 

Committee  on  Motor  Vehicle  Lighting. 

The  Committee  on  Motor  Vehicle  Lighting  feeling  that  the 
matter  of  Specifications  for  Laboratory  Tests  of  Headlighting  Appli- 
ances has  reached  a  stage  where  for  the  time  being  no  further 
revisions  are  called  for,  proposes  during  the  coming  year  to  devote 
itself  chiefly  to  a  consideration  of  methods  whereby  the  character 
of  headlighting  which  is  contemplated  in  the  testing  specifications 
may  be  generally  attained  on  the  road.  The  Committee  recognizes 
that  the  use  of  approved  equipment  on  headlights  does  not  in  any 
way  insure  proper  road  illumination  and  the  absence  of  glare.  It 
believes  that  while  in  proportion  to  the  number  of  cars,  lighting 
conditions  on  the  road  have  been  greatly  improved,  yet  they  are 
still  far  from  being  satisfactory,  and  wishes  to  bend  its  efforts 
chiefly  toward  assisting  to  the  best  of  its  ability  in  improving  these 
road  conditions.  A  number  of  propositions  are  before  it  for  consid- 
eration with  respect  to  education  of  the  public  and  to  a  more 
thorough  and  intelligent  enforcement  of  the  laws.  Just  what 
success  the  Com^mittee  will  have  in  these  endeavors  is  of  course 
problematical. 

While  turning  its  chief  endeavors  in  the  above  direction,  the 
Committee  does  not  intend  to  fail  to  give  attention  to  any  points 
in  which  its  previous  work  can  be  improved,  and  will  welcome 
suggestions  toward  this  end  as  well  as  toward  the  perhaps  broader 
problem  of  improved  road  conditions. 

Clayton  H.  Sharp,  Chairman. 

Committee  on  Nomenclature  and  Stamlards 

The  principal  duty  of  the  Conunittee  on  Noinenclature  and 
Standards  during  the  year  will  be  to  complete  the  revision  of  the 
booklet  on  Illuminating  luiginocring  NoiniMiclature  and  Photcv 
riictric  Standards  so  that  the  n^viscd  edition  can  be  adoptcnl  as 
American  standard  practice.     It  will  then  be  presented  for  eon- 
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sideration  at  the  1924  meeting  of  the  International  Commission  on 
Illumination  in  the  hope  that  further  progress  may  be  made  in 
securing  international  agreement  on  names  and  definitions. 

The  Society  has  had  success  in  combining  the  efforts  of  men 
whose  activities  lie  along  widely  divergent  lines,  such  as  profession- 
al practice,  technical  and  scientific  research,  manufacture,  sales, 
and  engineering  of  the  most  practical  sort.  Successful  cooperation 
of  such  groups  is  to  some  extent  dependent  upon  a  common  techni- 
cal language  which  facilitates  the  interchange  of  ideas.  The  work 
of  this  committee  is  directed  primarily  toward  the  development  of 
such  a  common  language  so  that  we  may  all  understand  each  other. 

Proposed  changes  in  the  former  standards  have  been  set  forth 
in  the  Committee's  Reports  for  1922  and  1923,  and  the  Committee 
would  like  to  have  comments  or  suggestions  from  all  classes  of 
members  before  final  action  is  taken  on  the  changes. 

Some  Sections  and  Chapters  have  found  it  worth  while  to 
have  talks  on  the  elementary  principles  of  illumination,  including 
methods  of  design,  calculation,  and  measurement.  Discussion  of 
these  subjects  is  likely  to  bring  out  points  in  which  the  standard 
nomenclature  appears  to  be  lacking  in  clearness  or  precision,  and 
if  so  the  Committee  will  be  glad  to  hear  about  them.  If  the  defini- 
tions are  not  clear  or  the  terms  not  usable,  now  is  the  time  to  im- 
prove them.  Positive  and  constructive  proposals  are  of  course 
most  helpful,  but  criticism  of  weak  points  will  be  welcome,  and  the 
Committee  will  do  its  best  to  remedy  deficiencies  which  may  be 
pointed  out. 

E.  C.  Crittenden,  Chairman.    ' 

Committee  on  Progress 

It  is  the  intention  of  the  Committee  to  continue  the  practice 
of  previous  years  in  preparing  periodically  for  inclusion  in  the 
Transactions  of  the  Society  an  Illumination  Index,  covering 
allarticles  on  the  subject  to  be  found  in  periodicals  available  to 
the  Committee. 

The  usual  procedure  will  be  followed  in  preparing  the  annual 
report  of  the  Committee,  which  at  the  last  Convention  was  known 
as  the  ''Year's  Progress  in  Illumination",  the  material  for  which  is 
obtained  from  articles  published  in  the  technical  and  scientific  press 
and  from  engineers  in  charge  of  street  lighting  of  various  large 
cities. 


PROPOSED  ACTIVITIES  OF  COMMITTEES  71.9 

It  is  the  intention  to  include  in  next  year's  report  among  the 
references  under  the  appropriate  headings  the  various  subjects 
which  have  appeared  in  the  Transactions  or  have  been  presented 
before  the  Society.  It  is  hoped  in  this  way  to  make  the  report  a 
still  more  complete  record  of  activities  in  illuminating  engineering. 

Francis  E.  Cady,  Chairman 

Committee  on  Research 

The  recent  Convention  Report  of  this  Committee  looks  forward 
as  well  as  backward,  and  there  is  nothing  which  I  could  sa}^  by  way 
of  program  of  work  for  the  coming  year  that  would  be  different 
from  the  work  outlined  in  that  Report. 

Ernest  F.  Nichols,  Chairman 


Committee  to  Cooperate  with  Fixture  Manufacturers 

In  1922  a  tentative  Code  of  Luminaire  Design  was  prepared  by 
this  Committee  and  published.  It  was  submitted  to  many  fixture 
manufacturers,  designers,  illuminating  engineers,  etc.  Very  little 
criticism  has  been  received  but  from  these  a  few  minor  changes 
are  in  contemplation. 

It  is  the  aim  to  add  two  more  sections  to  this  Code,  one  dealing 
with  artistic  fixtures,  which  embody  proper  lighting  principles  for 
various  purposes,  and  the  other,  a  section  on  the  influence  of 
installation  on  fixture  design. 

The  Chairman  and  Secretary  of  this  Committee  have  work 
under  way  in  regard  to  the  first  of  the  proposed  sections.  When 
the  work  is  done  on  both  sections,  it  is  the  plan  to  incorporate  it 
into  the  Cod(^  of  Luminain;  Design  and  to  publish  tiiis  complete 
for  final  distril)ution. 

During  past  years  members  of  tliis  Connnittee  have  been 
individually  active  in  spreading  the  gospel  of  jiroptT  fixtures  and 
proper  lighting  prin('i|)les  among  fixture  designiTs,  fixture  manu- 
facturers, fixture  dealers,  and  glassware  niaiuifacturers.  The 
Committee  members  collectively  and  individually  have  attended 
meetings  of  these  various  organizations  including  the*  Illuminating 
Glassware  (luild.  They  have  given  lectures  and  have  aided  in 
various  demonstrations. 
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It  is  the  plan  to  continue  such  activity.  The  Committee  has 
been  an  effective  means  of  contact  with  fixture  manufacturers  and 
the  Illuminating  Glassware  Guild  as  well  as  others.  The  work  that 
it  is  trying  to  do  is  very  important  but  there  are  many  difficulties 
in  the  way.  Fortunately,  these  difficulties  are  becoming  less 
formidable  each  year. 

M.  LucKiESH,  Chairman 

Committee  on  Sky  Brightness 

The  program  for  the  year  1923-24  contemplates  the  inaugura- 
tion of  qualitative  measurements  of  daylight,  perhaps  with  the 
Rotatory  Dispersion  Colorimetric  Photometer  designed  by  Mr.  I. 
G.  Priest  of  the  Committee. 

The  Committee  also  hopes  to  avail  itself  of  daylight  intensity 
records  that  the  U.  S.  PubHc  Health  Service  expects  to  obtain  from 
photo-electric  cells  it  has  purchased  for  installation  in  Washington. 
These  should  give  more  detailed  information  respecting  the  extreme 
variations  of  dayUght  intensity  with  weather  conditions  than  can 
be  obtained  from  eye  readings  of  a  photometer. 

There  is  also  a  probability  that  measurements  of  sky  bright- 
ness may  be  made  during  balloon  and  airplane  flights,  and  cor- 
related with  determinations  of  the  dust  content  of  the  atmosphere. 

Data  are  available  for  extending  the  charts  published  in  the 
May  1923  number  of  the  Transactions,  giving  the  intensity  of 
daylight  on  horizontal  and  on  vertical  surfaces  in  the  United  States 
east  of  the  Mississippi  River  at  Latitude  42°  North,  under  both 
clear  and  cloudy  sky  conditions,  to  other  latitudes  and  regions  in 
the  United  States.  This  will  not  be  undertaken,  however,  unless 
the  demand  seems  to  justify  the  considerable  labor  involved.        .,  j 

The  Committee  would  be  glad  to  receive  suggestions  as  to  ways 
in  which  it  may  serve  the  interests  of  membfers  of  the  Society. 

H.  H.  Kimball,  Chairman 


REFLECTIONS 

Stimulating  Plants  and  Animals 

EXPERIMENTS  at  Columbia  University  show  that  plant  growth 
proceeds  successfully  under  electric  light.  Flowers  and  vege- 
tables subjected  to  several  hours  of  artificial  illumination  outgrew 
those  of  the  same  planting  which  received  only  daylight. 

Many  professional  poultry  raisers  use  electric  light  night  and 
morning  to  increase  the  egg  production  of  their  hens.  The  New 
Jersey  experiment  station  at  New  Brunswick  reported  last  month 
that  hens  stimulated  by  artificial  light  which  kept  them  awake  after 
sundown  and  caused  their  morning  to  begin  before  sunrise  in 
winter  laid  at  least  ten  eggs  more  a  season  that  their  sisters  whose 
quarters  lacked  modern  improvements.  Most  poultrymen  who  use 
artificial  light  in  their  henhouses  think  that  the  margin  is  larger 
and  that  keeping  their  hens  awake  pays  good  profits. 

Scientists  may  see  in  this  proof  of  the  stimulating  power  of 
light,  but  the  practical  poultryman  has  a  simpler  explanation. 
Chickens  have  hearty  appetites  and  are  everlastingly  scratching 
around  for  food.  They  go  to  sleep  early  in  winter  simply  because 
they  cannot  hunt  food  in  the  dark.  In  the  morning  they  are  more 
hungry  than  sleepy,  and  the  first  crack  of  dawn  finds  them  ready 
for  breakfast.  Hence,  say  the  practical  poultrymen  who  disregard 
science,  hens  that  put  in  a  long  day  at  work  in  winter  are  better 
nourished  and  consequently  lay  more  eggs  that  those  working 
from  sun  to  sun  on  short  (la3^s. 

In  primitives  days  man  slej)t  from  sun  to  sun  because  darkness 
kept  him  from  doing  any  tiling  else.  Now  eight  hours  is  the  stand- 
ard sleeping  night  as  well  as  the  standard  working  day.  Hut  such 
an  eminent  scientist  as  I'Alison  thinks  that  sleep  is  a  good  deal 
of  a  habit  and  greatly  ov(T(lon(\ 

Perhaps  a  common  explanation  of  all  these  divers*^  phenomena 
may  Ix'  found  in  tlic  |)hil()S()pher's  saying  that  labor  is  tlu^  price  of 
life.    1'he  tree  labors  in  growth,  the  fowl  labors  in  search  of  food, 

721 


722  TRANSACTIONS  I.  E.  S.,  OCTOBER,    1923 

the  scientist  in  search  of  facts.  Each  advance  of  knowledge 
narrows  the  gulf  that  separates  the  animal  from  the  vegetable. 
The  bean  vine  follows  the  sun  round  the  bean  pole  as  inevitably  as 
the  moth  follows  the  candle  round  a  room.  Similarly  light  seems 
to  stimulate  the  physical  and  chemical  processes  of  the  tree  or 
plant.  Plants,  like  man,  work  better  in  light  than  in  darkness. 
Their  roots  reach  out  for  more  nourishment,  their  cells  function 
more  rapidly.  Sleep,  as  the  physiologists  long  ago  noted,  is  a 
slowing  down  process.  Artificial  light  keeps  these  Columbia  plants 
awake  and  working. 

But  labor  is  not  the  whole  of  life.  These  experiments  on  light 
and  growth  will  not  be  completed  until  attempts  have  been  made 
to  perpetuate  the  species  through  specimens  that  have  been  sub- 
jected to  artificial  light.  Florists  may  get  splendid  specimens  by 
this  method;  but  the  plants  may  be  weakened  in  vitality  in  spite 
of  their  size  and  showiness. 

With  regard  to  human  beings  it  has  been  suggested  that  physical 
recuperation  is  the  least  of  sleep's  benefits.  Some  psychologists 
hold  that  undue  loss  of  sleep  tends  to  bring  on  mental  and  nervous 
ailments,  because  the  subconscious  mind,  which  works  while  we 
sleep,  has  lacked  time  enough  to  sort,  check  up,  erase  or  accept  the 
impressions  and  rationalizations  stored  up  by  day.  It  is  entirely 
possible  that  in  plants,  beasts  and  human  beings  alike  too  little 
sleep  may  seriously  weaken  the  individual  in  ways  not  at  once  ap- 
parent. Whether  it  does  so  in  the  case  of  plants  no  doubt  will 
soon  be  determined. — Editorial,  New  York  Herald,  Oct.  29, 1923. 


PAPER5 

ADDRESS  OF  THE  PRESIDENT* 


By  Ward  Harrison 


For  the  subject  of  this  address  I  would  refer  you  to  a  much 
quoted  passage  from  the  Constitution  of  the  Society,  a  clause 
which  is  reprinted  on  the  face  of  every  issue  of  our  Transactions; 
namely,  "That  the  object  of  this  Society  shall  be  the  advancement 
of  the  theory  and  practice  of  illuminating  engineering  and  the 
dissemination  of  knowledge  relating  thereto".  Even  in  the  year 
of  the  Society's  formation  it  was  recognized  that  there  were  two 
distinct  tasks  before  it;  first,  the  reaching  out  after  new  facts  and 
new  principles  in  illuminating  engineering;  and  second,  the  dissem- 
ination of  these  and  older  truths  to  the  industry  and  to  the  public. 

At  the  present  time,  in  fact,  at  least  once  every  year,  it  seems 
fitting  that  we  should  ask  ourselves  two  questions:  first,  what  at 
present  is  our  greatest  need,  technically,  in  the  practice  of  our 
profession;  and  second,  wherein  lies  our  greatest  opportunity  for 
the  dissemination  of  illuminating  engineering  information  to  the 
public.  No  doubt,  if  a  poll  were  taken  there  would  be  almost  as 
many  answers  to  these  questions  as  there  are  members  of  the 
Society,  but  taking  advantage  of  the  opportunity  which  has  been 
afforded  me  I  will  attempt  to  state  what  my  own  answers  would  be. 

PART    I 

In  my  opinion  our  greatest  technical  need  today  is  for  a  better 
working  knowledge  of  brightness  and  c/lare,  from  both  a  quantita- 
tive and  a  (jualit alive  standpoint.  As  the  result  of  the  general 
adoption  during  the  past  ten  years  of  such  expressions  as  ''foot- 
candh;",  "himen",  and  "coeflicient  of  utilization",  it  is  safe  to  say 
that  there  arc  now  scNcral  thousand  persons  in  \\\v  Tnilcd  States 
who  have  a  V(M-y  definite  conception  of  tlu*  relation  existing  b(^- 
tween  the  flux  generated  l)y  a  light   source  and  the  rc<nltant  foot- 

♦Ari  A(l«ln'.M«  i>r<'H)Mt>*(l  hrfon-  the  Aiuiiial  ( "(Hivriition  df  tlic  HlumiiuiliiiK  I  inKini'cniiK 
Hocinty,  Lakf  (JrorKr,  N.  Y.,  S«'plftnh<'r  a.j-iK,  igij. 

Till'   llhiiiiitiiitiiiK  IliiRinopriiig  Koricty  in  not  rrnponiiihlo  for  ihc  Blntcinrntn  or  upiniona 
ndvnnccil  l)y  ruiitnlxitorn. 
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candles  of  illumination  in  a  room.  In  other  words,  we  think  in 
lumens  fairly  well.  But,  how  many  are  there  who  can  say  the 
same  thing  when  the  subject  is  that  of  brightness,  the  progeny  of 
lumens  and  the  factor  with  which  finally  we  are  all  most  vitally 
concerned ;  concerned  with  it  on  the  working  plane  because  there 
it  is  the  thing  which  enables  us  to  see;  concerned  with  it  in  the 
case  of  the  light  sources  for  there  it  is  the  thing  which  in  excess 
may  readily  defeat  vision  and  even  impair  eyesight. 

How  little  thought  is  really  given  to  questions  of  brightness  by 
practicing  engineers  is  well  exemplified  by  the  general  prescription 
of  "about  twice  as  much  light  for  work  on  dark  textiles  as  for  work 
on  light  fabrics",  whereas  actual  brightness  measurements  would 
indicate  that  lo  or  15  to  i  as  nearer  the  proper  ratio.  Again,  how 
many  of  us,  if  asked  to  criticize  a  lighting  specification  for  any 
given  interior  can  feel  certain  as  to  whether  the  luminaires  are 
going  to  prove  comfortable  or  glaring,  unless,  of  course,  we  have 
had  experience  with  an  almost  exactly  similar  installation  before. 
Right  at  the  present  time  we  seem  further  than  ever  from  any 
simple  mathematical  formula  by  which  such  questions  can  be 
answered. 

It  is  fortunate  that  all  of  our  more  precise  instruments  for 
measuring  illumination  may  be  calibrated  to  read  brightness  as 
well,  and  this  circumstance  should  be  of  substantial  assistance  in 
increasing  our  store  of  ''installation  data"  on  the  subject.  At  the 
same  time  it  would  also  prove  very  helpful  if  an  instrument  com- 
parable in  simplicity  and  cost  to  the  foot-candle  meter,  or  possibly 
a  modification  of  this  instrument  itself,  were  developed  with 
which  brightness  could  be  read  directly  with  accuracy  sufficient 
for  practical  purposes. 

Strange  as  it  may  seem,  glare  is  a  subject  to  which  but  little 
attention  has  been  given  by  those  of  our  members  who  are  primarily 
interested  in  scientific  research.  For  example,  there  is  at  present 
apparently  no  data  available  from  this  group  to  answer  even  such 
a  simple  question  as  the  following : — Which  is  the  preferable  of  two 
light  sources,  (a)  which  has  a  uniform  brightness  throughout,  and 
(b)  which  has  a  low  brightness  at  the  periphery,  increasing  to  a 
higher  value  near  the  center,  assuming  that  the  candlepower  of  the 
units  and  their  average  brightness  is  the  same  in  both  cases? 
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Now  your  President  lays  no  claim  to  originality  in  offering  the 
suggestion  that  questions  of  brightness  are  entitled  to  greater 
consideration  than  is  usually  accorded  them.  This  subject  has 
been  brought  up  for  discussion  on  numerous  occasions  by  members 
of  this  Society  but  unfortunately  we  have  always  stopped  there; 
we  have  made  little  or  no  progress.  We  are  prone  to  look  at  the 
whole  subject  as  exceedingly  complex,  particularly  so  in  contrast 
with  the  more  usual  calculations  involving  lumens  and  foot-candles. 
May  it  not  be  that  in  the  face  of  a  really  serious  effort  this  difficulty 
would  prove  to  be  only  a  fancied  one  arising  simply  from  ignorance 
on  our  part  ? 

One  of  the  greatest  helps  in  the  solution  of  any  problem  is  an 
exchange  of  thought  between  individuals  and  an  exchange  of 
thought  presupposes  a  language — a  nomenclature.  I  believe  that 
our  progress  in  the  present  matter  is  considerably  impeded  by  the 
lack  of  a  simple  term  in  which  to  express  brightness,  one  which  will 
apply  equally  well  to  luminaires  and  to  surfaces  illuminated,  and 
finally,  one  which  will  be  quite  readily  comprehended  by  the  man 
on  the  street;  one  encounters  real  difficulty  in  trying  to  explain 
millilambert  to  him. 

It  is  generally  accepted  that  whenever  new  fundamental  units 
are  established  involving  distance,  weight  or  time,  the  C.  G.  S. 
System  should  be  followed,  and  with  this  in  view  our  Committee 
on  Nomenclature  and  Standards  supplied  us  some  years  ago  with 
our  fundamental  definitions.  Of  these  the  lumen  and  the  candle 
might  be  termed  truly  international  units,  for  in  their  practical 
application  at  least,  they  involve  neither  a  unit  of  length  nor  of 
weight;  the  C.  G.  S.  unit  of  brightness  then  estabHshed  was  the 
lambert  and  likewise  the  lux,  or  meter-candle,  was  defined  as  our 
fundamental  unit  of  illumination  intensity.  In  practice,  however, 
most  Americans  think  in  feet  and  inches  and  the  only  generally 
used  unit  of  illumination  intensity  in  this  country  today  is  the 
"Foot-Candle".  What  we  nvvd  also  for  gciKTal  use  in  this  country 
is  a  unit  of  brightn(\ss  based  upon  our  accept (h1  unit  of  intensity, 
the  "('andle",  and  our  common  unit  of  length,  the  "Foot".  A 
logical  unit  would  he  the  bright ii<\ss  of  a  splxTical  source  of  oiw 
foot  radius  having  a  uniform  intensity  of  i  candli*  in  all  directions; 
or  if  you  prefer,  the  brightness  of  a  perfectly  translucent  sphere  of 
one  foot  radius  surrounding  a  souree  of   i   (*;indl(\     Such  a  unit 
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renders  the  computation  of  brightness  values  for  many  units  a 

comparatively  easy  matter.     For  example,  a  spherical  diffusing 

globe  8"  in  diameter  having  an  output  of  80  per  cent  would,  when 

equipped  with  a  lamp  of  150  spherical  candlepower,  have  a  mean 

brightness  of  1080  units  computed  as  follows: 

I  c;ox  24^x0.8 

-^ 8^ =  1080 

This  unit  would  also  have  the  very  practical  advantage  that  it 
would  represent  the  mean  brightness  of  a  surface  of  100  per  cent 
reflection  factor  when  illuminated  to  an  intensity  of  one  foot-can- 
dle; that  is,  one  lumen  per  square  foot. 

There  is  still  one  thing  more  to  be  said  in  favor  of  a  unit  of 
brightness  of  the  dimensions  stated  above;  namely,  that  it  is  of 
about  the  right  size  for  practical  use.  With  it  the  brightness  of 
working  surfaces,  at  least  in  interior  lighting,  will  usually  be  found 
in  the  range  of  from  o.  i  to  10,  numbers  that  are  easy  to  comprehend 
and  when  we  speak  of  the  brightness  of  light  sources  we  will 
usually  find  ourselves  up  in  the  hundreds  or  thousands,  figures 
which  are  far  more  certain  to  cause  the  layman  to  pause  and  con- 
sider, than  would  the  same  brightness  expressed  as  a  decimal 
fraction. 

In  the  opinion  of  the  writer  there  is  much  in  the  choice  of  the 
size  of  a  unit,  there  is  also  much  in  the  choice  of  the  name.  In  the 
term  ' 'foot-candle"  the  precedent  has  been  established  of  prefixing 
our  non-metric  units  involving  length  with  the  term  "foot"  which 
at  once  shows  to  what  system  it  belongs.  The  same  plan  followed 
in  the  case  of  the  unit  of  brightness  would  forever  eliminate  any 
possibility  of  it  being  confused  with  lambert.  If  the  term  ''foot" 
could  be  coupled,  not  with  some  abstract  term,  but  rather  with  a 
short  Anglo-Saxon  word  which  conveyed  to  the  listener  some 
inkling  of  the  meaning  of  the  whole  word,  the  resulting  combina- 
tion should  prove  most  desirable.  An  expression  which  seems  to 
come  very  near  to  fulfilling  these  requirements  is  "foot-bright", 
and  it  is  my  wish  to  submit  this  term  for  the  consideration  of  the 
Committee  on  Nomenclature  and  Standards. 

In  weighing  the  relative  advantages  and  disadvantages  of  this 
and  other  terms  the  fact  must  not  be  lost  sight  of  that  we  are  an 
Illuminating  Engineering  Society,  not  a  Society  of  Illuminating 
Engineers;    that  to  be  of  value  our  findings  must  be  capable  of 
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dissemination;  that  success  in  influencing  the  design  of  any  con- 
siderable proportion  of  the  Hghting  installations  in  this  country- 
depends  upon  making  our  technique  seem  extremely  simple,  not 
upon  making  it  complex.  My  strongest  recommendation  for 
"foot-bright"  is  that  it  sounds  almost  common-place. 

PART    II 

The  second  division  of  this  address  has  reference  to  our  obliga- 
tion and  our  opportunity  for  the  dissemination  of  knowledge  of  the 
theory  and  practice  of  illuminating  engineering  and  how  we  may 
best  go  about  this  task.  Since  our  last  convention  the  number  of 
chapters  of  this  Society  has  increased  from  three  to  seven;  in 
other  words,  the  number  of  cities  in  which  local  branches  are 
established  is  now  eleven.  Do  not  these  facts  suggest  an  answer 
to  our  problem?  Is  it  not  true  that  the  most  effective  work  that 
can  be  undertaken  by  the  present  local  branches  and  by  additional 
ones  as  they  are  organized,  is  to  concentrate  upon  the  dissemination 
of  lighting  information? 

Plans  for  monthly  meetings  and  for  lectures  should  be  arranged 
with  a  view  to  interesting  successively  engineers,  architects, 
fixture  manufacturers,  and  similar  groups.  The  co-operation  of 
city  and  suburban  school  authorities  we  should  seek  perhaps, 
most  of  all,  for  through  them  can  be  secured,  not  only  lighting  in 
the  schools  which  will  cease  to  be  a  menace  to  the  eyesight  of  our 
own  and  our  neighbors'  children,  but  also  instruction  in  the  prin- 
ciples of  lighting,  which  will  better  fit  those  of  the  next  generation 
to  know  good  lighting  for  themselves.  It  may  be  recalled  I  spoke 
briefly  on  this  phase  of  the  subject  at  the  last  convention.  This 
week  we  have  for  your  considc^ration  the  draft  of  a  chapter  on 
lighting  which  has  been  prepared  at  the  recjuest  of  the  Council  as  a 
suggestion  to  writers  of  text  l)ooks  on  High  School  physios  and 
also  as  a  guide  to  instructors  on  this  subject.  The  monograph  will 
be  open  for  discussion  at  the  Friday  meeting,  and  t\w  thoughtful 
criticism  of  the  membership  of  this  Society  is  sincerely  reciuested. 
When  this  i).'nnplil('t  is  printed  in  final  form,  it  will  bcn'ome  the 
very  fitting  task  of  our  sections  and  chapters  to  secure  its  gcMieral 
adoption  in  their  individual  territories. 

One  may  say  that  there  is  nothing  n(>w  in  these  proposals  for 
section  and  chapter  activity;  tliat  some  of  our  branches  have  for 
years  arranged  joint  meetings  and  programs  wliich  would  interest 
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those  outside  of  their  own  membership.  This  is  true,  but  for  the 
Society  as  a  whole,  the  effort  has  not  been  organized.  One  section 
has  not  had  the  benefit  of  the  experience  of  others,  and  never  has  a 
complete  program  for  the  year's  work  been  outlined  for  them  by 
this  Society.  Likewise,  they  have  never  been  asked  to  show  the 
tangible  results  of  a  year's  effort  along  such  lines.  To  those  who 
are  fortunate  enough  to  be  able  to  attend  our  annual  conventions 
these  four-day  periods  represent  perhaps  the  high  point  of  the 
Society's  achievement;  in  any  event,  it  is  a  most  enjoyable  one. 
But  we  must  not  lose  sight  of  the  fact  that  the  real  strength  of  this 
Society  lies  in  its  sections  and  chapters,  and  that  is  why  I  believe 
that  our  greatest  potentiality  for  progress  lies  in  the  plans  which 
will  be  developed  in  the  Section  and  Chapter  Conference  which  is 
scheduled  for  Friday  morning  next.  On  behalf  of  the  Council  I 
bespeak  your  attendance  at  this  Conference  and  your  support. 


REPORT  OF  COMMITTEE  ON  PRESIDENTIAL 

ADDRESS 


Your  Committee  on  Presidential  Address  feels  that  President 
Harrison  has  rounded  out  a  very  successful  administration  with  an 
address  which  constitutes  a  valuable  contribution  to  the  art.  He 
points  out  the  necessity  of  further  elucidation  of  the  subject  of 
brightness  and  glare.  With  reference  to  brightness,  he  indicates 
the  need  for  the  adoption  of  some  simple  and  comprehensible  unit 
and  terminology  and  makes  a  definite  suggestion  to  this  end. 

Your  Committee  is  in  hearty  sympathy  with  the  President's 
view  and  without  assuming  to  pass  on  the  merit  of  his  specific  sug- 
gestions recommends  that  the  Society's  Committee,  within  whose 
scope  this  question  lies,  give  early  and  serious  consideration  to  the 
problem  to  which  the  President  has  so  pertinently  directed  our 
attention. 

P.  S.  Millar 

G.  H.  Stickney 

L.  B.  Marks,  Chairman 

The  report  was  unanimously  accepted  by  the  convention. 


HOW  CAN  THE  I.  E.  S.  BE  MADE  MORE  TRULY 
A  NATIONAL  BODY* 


BY  D.  McFARLAN  MOORE** 


About  74  per  cent  of  the  membership  of  the  Illuminating 
Engineering  Society  resides  east  of  Chicago.  There  are  nine 
States  that  have  no  members  at  all  and  twenty-seven  States  that 
have  less  than  one  dozen  members  and  yet  there  are  in  the  United 
States  millions  of  people  interested  in,  or  associated  in  a  business 
way  with  light.  Various  membership  committees  have  carefully 
studied  methods  which  would  seem  to  follow  the  path  of  least 
resistance  towards  the  goal  of  a  very  great  increase  in  the  total 
membership  and  also  have  it  well  distributed.  However,  the  gain 
altho  steady,  has  not  been  rapid.  The  deterrents  to  joining  our 
Society  are  of  many  varieties  but  finance  is  always  important. 
Council  has  approved  of  the  formation  of  Chapters  on  such  liberal 
terms  that  it  seems  to  the  Committee  on  New  Sections  and  Chapters 
that  the  formation  of  New  Chapters  should  bo  of  much  value  to 
the  National  Society.  It  permits  of  our  interesting  an  unlimited 
number  of  people  in  the  objects  of  the  Society,  yet  at  a  nominal 
expense  to  them.  Meetings  of  Chapters  not  only  develop  interest 
in  the  minds  of  many  who  will  later  become  full  members  of  the 
National  Society  but  also  greatly  stimulate  the  enthusiasm  of  those 
who  are  already  membei'S. 

A  num])er  of  Now  Chaptei's  have  recently  been  formed  and 
seem  to  bo  well  worth  while  and  it  is  hoped  that  more  assistance 
will  be  given  towards  the  formation  of  such  Chapters  so  that  it  can 
be  said  that  each  State  in  the  union  lias  at  least  one  ChapttM*  of  the 
Illuminating  I^nginoering  Society.  To  assist  those  who  are  inclined 
to  be  helpful  in  this  imjiortant  matter  the  following  information 
will  prove  of  gr(»at  assistance — 

♦A    TfiixT   prcHrntrd   hofnro   thr    Anniinl    Convpntion   of   thr   Illuminating   Enginc^rinc 
Society,  Lak«  Cn'itruri,  N.  Y.,  Si-ptrmlxT  J4-J8.  lyj.}. 

••Chairmnn,  Coniniittri"  cm  Nc<w  Srrtumn  and  Chaptcra,  I.K.  S. 
Thn  IlluiiiitmluiK  I')ii((Mi(<fniiK  Socirty  in  not  rMponaiblr  for  the  ntntementii  or  upiniona 
a(lTanc«<l  by  conlribulora. 
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If  there  are  a  large  number  of  industries  in  a  specific  vicinity, 
that  are  either  directly  or  indirectly  interested  in  illuminating 
engineering,  the  formation  of  a  local  Chapter  will  be  more  easily 
accomplished,  and  also  more  good  will  result  from  its  formation. 
The  most  essential  requirement  and  the  one  most  difficult  of  fulfill- 
ment is  that  ten  regular  members  of  the  Illuminating  Engineering 
Society,  (they  can  be  either  full  members  or  associate  members) 
must  file  a  petition  approximately  as  follows — 

''We  the  undersigned  herewith  petition  the 
Council  of  the  Illuminating  Engineering 
Society  to  authorize  the  formation  of  a 

local  Chapter  of  the  Society  in 

to  cover  the  vicinity  of ." 

And  send  it  to  the  Chairman  of  the  Committee  on  New  Sections  and 
Chapters  who  in  turn  will  endeavor  to  obtain  the  formal  approval 
of  Council  and  then  inform  the  petitioners  that  all  is  ready  for  the 
organization  meeting.  The  General  Ofiice  in  New  York  is  request- 
ed to  make  a  list  of  all  the  names  of  the  members  of  the  Society 
living  in  the  vicinity  where  it  is  proposed  to  form  a  New  Chapter. 
If  less  than  ten  are  thus  obtainable  an  effort  should  be  made  to 
interest  a  sufficient  number  of  new  members  so  that  the  petition 
will  be  in  proper  form  for  presentation  to  Council.  Those  interest- 
ed in  obtaining  new  members  are  reminded  that  the  annual  dues 
for  full  members  are  $15.00  and  for  associate  members  S7.50  and 
that  an  initiation  fee  of  $2.50  is  required  for  either  full  members  or 
associate  members.  A  proposed  constitution  for  a  new  Chapter  is 
also  immediately  forwarded  to  those  interested  but  a  statement  is 
made  that  the  Chapter  dues  can  be  of  any  amount  those  locally 
interested  desire;  one  dollar  for  example.  Therefore,  members 
of  such  a  Chapter  only,  can  claim  association  with  the  Illuminating 
Engineering  Society,  yet  as  indicated  pay  only  a  very  small  amount 
per  year.  However,  they  will  not  receive  copies  of  the  Society 
Transactions  or  be  eligible  to  its  offices,  etc.  Such  members  of  a 
Chapter  often  later  become  full  members  of  the  National  organiza- 
tion. Our  Society  has  now  approved  of  seven  Chapters  as  follows: 
Toronto,  Cleveland,  San  Francisco  Bay  Cities,  Columbus, 
Northern  New  Jersey,  Michigan  and  Los  Angeles  and  their 
increase  during  the  last  year  together  with  the  lively  character 
of  their  meetings  indicate  that  a  definite  effort  should  be  made 
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to  very  greatly  increase  this  line  of  activity  as  already 
indicated.  The  unoccupied  fields  are  so  enormous  that  it  is  fitting 
to  say  that  a  start  has  only  been  made.  Many  of  the  definite 
localities  where  there  seems  to  be  no  good  reason  why  a  Chapter 
should  not  be  formed  should  be  selected  and  an  earnest  effort  made 
in  every  instance  to  promptly  bring  a  Chapter  into  being  and 
thereby  not  only  greatly  benefit  our  National  Organization  but 
also  fulfill  the  primary  object  of  our  organization,  viz.,  to  further 
the  interests  of  better  Ughting. 


SECTION  DEVELOPMENT  CONFERENCE* 


Chairman  Clarence  L.  Law:  As  you  know,  the  object  of  the 
meeting  this  morning  is  to  have  an  informal  discussion  on  Section 
and  Chapter  development.  We  want  to  see  what  we  can  do  to  aid 
Sections,  Chapters  and  Local  Representatives  throughout  the 
country,  in  order  to  promote  the  work  of  the  Society. 

If  there  are  any  Section  or  Chapter  Chairmen  or  Secretaries 
here  will  they  please  stand  up  and  announce  their  names  and 
Sections,  so  that  we  may  all  know  each  other? 

The  following  Section  and  Chapter  officers  and  Local  Repre- 
sentatives were  present: 

W.  V.  Batson,  Chairman,  New  England  Section. 

Julius  Daniels,  Secretary,  New  England  Section. 

W.  S.  Fitch,  Board  of  Managers,  New  England  Section. 

L.  J.  Lewinson,  Chairman-elect,  New  York  Section. 

S.  K.  Barrett,  Chairman  Papers  Committee,  New  York  Section. 

C.  L.  Dows,  Chairman,  Cleveland  Chapter. 

J.  M.  Ketch,  Chairman,  Michigan  Chapter. 

W.  H.  Woods,  Toronto  Chapter. 

George  C.  Cousins,  Toronto  Chapter. 

Ellsworth  Francisco,  Northern  New  Jersey  Chapter. 

Charles  Gallo,  Northern  New  Jersey  Chapter. 

E.  C.  Crittenden,  Local  Representative,  Washington,  D.  C. 

F.  L.  Loomis,  Pittsburgh,  Pa. 
J.  D.  Lee,  Trenton,  N.  J. 

Chairman  Law:  We  have  not  set  a  program  this  morning  and 
I  thought  we  could  make  the  discussions  very  informal,  therefore, 
I  have  not  any  definite  plan  with  regard  to  this  meeting.  I  would 
like  to  call  on  President  Harrison  to  open  the  Conference. 

President  Harrison:  It  seems  to  me  that  if  we  were  to 
analyze  this  Society;  thinking  of  it  as  divided  into  component 
parts,  and  were  to  try  to  rate  the  various  parts,  we  would  probably 

♦Held  at  Lake  George,   N.   Y.,    during   the    Annual    Convention  of   the    Illuminating 
Engineering  Society,  September  28,  1923. 

The  Illuminating  Engineering  Society  is  hot  responsible  for  the  statements  or  opinions 
advanced  by  contributors. 
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first  think  of  our  Conventions  and  on  a  scale  of  one  hundred, — 
rate  them  very  high.  The  enthusiasm  is  good,  the  attendance  is 
good,  papers  are  good,  and  we  accompUsh,  I  beHeve,  a  very  consid- 
erable amount;  that  is  judging  from  the  opinions  of  many  people 
with  whom  I  talk. 

Next  we  would  probably  consider  the  plan  of  operation;  the 
Constitution,  the  arrangement  of  executive  authority,  etc.,  as  well 
thought  out.  In  other  words,  the  business  of  the  Society  runs 
smoothly,  and  we  would,  therefore,  give  the  plan  of  operation  a  high 
rating. 

Likewise,  I  think  you  would  give  a  high  rating  to  the  work  of  the 
General  Committees;  Committees  like  those  on  Lighting  Legisla- 
tion, Motor  Vehicle  Lighting,  Nomenclature  and  Standards,  and 
the  other  general  committees. 

In  the  minds  of  the  majority  of  the  members  all  of  these  things 
would  probably  be  found  to  rate  higher  than  most  of  the  Section 
Activities.  In  fact,  that  is  why  the  suggestion  was  made  that  this 
conference  be  called  to  exchange  ideas  among  the  Section  Officers. 
What  one  has  found  to  be  successful  in  his  locality  the  others  can 
try  with  the  result  that  it  should  be  easier  to  plan  a  successful 
year's  program.  I  hope  some  steps  will  be  taken  along  that  line 
today.  Perhaps  we  can  make  an  outline  of  an  entire  series  of  meet- 
ings to  offer  to  a  Section,  or  Chapter,  and  they  can  accept  as  much 
of  it  as  they  wish. 

Another  point  that  I  believe  we  ought  all  to  get  our  minds  to- 
gether on  is  that  if  we  want  this  Society  to  grow,  and  to  cover  a 
wider  territory,  we  must  put  it  on  a  broader  basis — and  such  basis, 
it  seems  to  me,  is  the  Section  and  the  Chapter.  It  has  been  grati- 
fying, indeed,  to  see  the  way  new  Chapters  have  sprung  up  during 
the  past  year.  Now  that  we  have  these  Chapters  we  should  give 
them  something  very  definito  to  do. 

Chairman  Law:  Thank  you  Mr.  Harrison.  IMr.  Moore  is 
Chairman  of  our  Committee  on  New  Sections  and  Chapters. 
Will  you  give  us  about  five  minutes  on  3'our  work  of  last  year, 
Mr.  Moore? 

D.  McFarlan  Moork:  I  don't  know  wlu'tluM'  talking  about 
the  work  of  last  year  will  be  the  thing  of  most  in(<'r('st.  Our  wow 
President  who  has  made  a  success  of  his  administration  already 
seems  to  l)e  impre8se<l  with  tlic  importance  of  tlu*  di^vclopment  of 
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Chapters,  largely,  then  trusts  that  the  Sections  will  follow  the 
Chapters. 

For  several  years,  I  was  Chairman  of  the  Membership  Com- 
mittee, and  it  must  be  now  three  or  four  years  ago  that  I  began 
to  realize,  as  Chairman  of  the  Membership  Committee,  the  utter 
lack  of  geographic  area  that  was  covered  by  the  Society  as  it 
then  existed. 

The  members  of  the  Council  know  that  I  started  in  three  or 
four  years  ago  sort  of  ripping  things  up  the  back,  as  regards  the 
claim  that  we  were  a  National  Society,  when  it  isn't  far  from  the 
truth  to  say  we  are  about  one-quarter  of  what  we  ought  to  be, 
and  what  I  want  to  do  is  to  see  us  rise  to  the  point  of  four-quarters. 
That  is,  we  only  represent  about  a  quarter  of  the  country  in  a  way 
that  indicates  that  it  is  perfectly  reasonable  for  us  to  be  four  times 
larger  and  do  four  times  as  much  good.  That  is  what  I  want  to 
get  at.  Let  us  avoid  this  thing  of  traveling  upward  perhaps  under 
false  colors,  or  something  of  that  kind. 

When  we  investigated  the  ways  in  which  this  could  be  done, 
it  looked  as  though  the  chief  resistance  was  in  the  line  of  Chapters 
and  because  of  my  making  some  remarks  of  that  kind,  the  job  was 
thrown  on  me  and  we  went  ahead  and  organized  some  new  Chapters. 

The  problem  can  be  stated  very  specifically.  Any  man  here 
from  a  managerial  standpoint  would  say,  if  he  was  laying  out  a 
new  business,  "why  that  is  an  easy  thing  to  do.  All  you  need  to 
do  is  just  pick  out  the  portions  of  the  country  where  there  ought 
to  be  a  Chapter,  where  there  are  so  many  thousands  of  people  who 
are  interested  in  lighting,  and  yet  don't  know  that  the  Illuminating 
Engineering  Society  exists."  It's  a  fact,  I  think,  as  I  pointed  out 
the  other  day,  there  are  a  few  states  that  haven't  got  a 
member — and  there  are  36  states  that  have  less  than  a  dozen 
members. 

Now  let  us  go  out  and  pick  out  these  areas  and  plant  seed  of 
the  very  best  variety,  not  taking  men  merely  because  the  general 
managers  of  big  corporations  say  to  a  dozen  men  "Here,  join  this 
Society".  That  is  mushroom  growth.  We  don't  want  that.  We 
want  men  who  are  deeply  interested  in  the  subject  of  lighting  and 
will  stick.  Such  men  will  gradually  drift  into  our  conventions, 
and  there  are  many  men  here  who  are  just  going  away  from  this 
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convention  inspired  with  a  new  feeling,  and  they  will  hereafter 
work  for  the  good  of  the  cause. 

Mr.  Moore  presented  his  paper  at  this  point.    See  page  729. 

DISCUSSION 

Secretary  S.  G.  Hibben:  Mr.  President,  it  might  be  well 
to  have  a  thorough  understanding  of  the  foundation  of  this  dis- 
cussion, because  some  of  us  are  not  acquainted  with  the  Section 
and  Chapter  divisions. 

You  saw  the  map  with  the  colored  lamps  indicating  the  posi- 
tions of  these  Sections,  Chapters  and  Local  Representatives,  and  in 
order  that  you  may  refresh  your  minds  on  the  subject  I  will  read 
some  statistics.  Of  the  four  Sections  we  have  a  membership  as 
follows: 

New  York 430 

Philadelphia 216 

Chicago 164 

New  England  Section.  ...  143 

In  the  Chapters  formed  this  past  year  and  including  the  others 
previously  existing — in  other  words,  in  the  seven  Chapters  we  now 
have — we  have  a  Cleveland  membership  of  74;  Northern  New 
Jersey,  103;  Columbus,  25;  Los  Angeles,  20;  Michigan,  which  is 
the  Detroit  Chapter,  34;  San  Francisco,  40;  Toronto,  31.  That 
is  the  registered  membership,  but  does  not  represent  the  persons 
reached  by  the  chapters. 

It  is  rather  interesting  to  notice  the  Northern  New  Jersey 
Chapter  with  a  membership  of  103,  and  the  Chicago  and  New 
England  Sections  with  memberships  of  around  about  150.  It  is 
quite  possible  some  of  these  Chapters  may  outstrip  the  Sections  so 
far  as  actual  numbers  of  members  iivv  concerned. 

Chairman  Law:  I  think  we  may  as  well  throw  this  open  for 
further  discussion.  Before  I  do  this,  I  want  to  offer  what  I  think 
isasplen(h(l  suggestion;  it,  was  made  by  Mr.  Millar.  Ib^  suggi^sted 
that  if  any  of  you  have  pictures  or  snapshots  that  you  have  tak(Mi 
of  meml)erH  of  your  dilTerent  Sections  around  at  this  Convention, 
that  you  send  them  inio  I  Icadciuai'lers.  Then  we  will  ask  the 
Committee  on  lOditing  and  Publication  whether  they  won't  consider 
devoting  a  pag(*  or  two  in  I  he  'I'hansactions  to  these  pictun\s.  So 
if  any  of  you  have  any  such  |)ictures.  please  s(^n<l  them  into  Mr. 
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Hibben,  at  Headquarters,  and  I  am  sure  the  Chairman  of  the  Com- 
mitttee  on  Editing  and  Publication  will  do  his  best  to  get  them  in. 

This  meeting  is  now  thrown  open  for  general  discussion.  I 
should  like  to  hear  particularly  from  some  Chapter  Chairmen  as  to 
the  experiences  they  have  had  with  the  development  of  their 
Chapters  and  how  it  is  going  along. 

G.  G.  Cousins:  Mr.  Chairman,  relative  to  Mr.  Hibben's 
remarks  on  the  membership  of  the  Chapters,  there  is  a  condition 
that  exists  in  our  Toronto  Chapter  that  possibly  exists  in  some 
others.  I  believe  Mr.  Hibben's  tabulation  refers  to  Society  mem- 
bers in  the  Chapters. 

Secretary  Hibben:  Yes,  not  to  others  that  are  strictly 
Chapter  members. 

G.  G.  Cousins:  That  is  the  point  I  wish  to  ask  about.  We 
have  a  number  of  Chapter  members  whom  we  classify  as  ''affili- 
ates" and  we  are  going  to  recruit  our  membership  from  those. 

We  are  entering  now  on  the  third  year  of  our  Toronto  Chapter, 
and  we  have  learned  a  lob  since  we  started.  In  discussing  our  field 
for  the  development  of  the  Chapters,  we  ought  to  get  a  lot  of  men 
who  are  very  intimately  connected  with  illumination  and  know 
practically  nothing  about  illuminating  equipment  or  lighting 
principles.  Those  men  are  very  largely  in  the  fixture  business,  and 
contractors.  There  are  a  number  of  contractors  who  are  progressive 
and  study  Hghting  principles. 

Our  plan  was  to  make  the  meetings  such  that  those  men  could 
get  some  of  the  fundamental  principles  so  that  they  could  talk 
more  intelligently  when  they  were  speaking  of  the  various  materials 
that  they  are  dealing  in.  We  found  that  apparently  they  didn't 
want  to  know.    It  was  very  hard  to  get  them  interested. 

We  had  a  very  good  year,  our  first  year,  I  think.  The  second 
year  was  practically  as  good  but  we  found  it  harder  work  to  keep 
up  interest.  Now  we  have  come  to  the  point  where  we  have  been 
talking  over  means  of  getting  out  along  more  definite  lines  and 
there  are  two  schools  of  thought  amongst  those  who  are  very  much 
concerned  in  it.  It  has  been  argued  on  one  hand  that  if  we  charged 
five  dollars  a  year  for  Chapter  membership,  our  present  rate  is 
three  dollars  exclusive  of  Societ}^  fees,  those  who  paid  the  money 
would  feel  they  had  to  get  something  out  of  it  and  would  come. 
On  the  other  hand,  there  are  several  of  us  who  think  that  a  number 
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who  might  be  interested  to  the  extent  of  pacing  two  or  three 
dollars,  would  simply  balk  at  five  dollars  a  year.  With  the  type 
of  subjects  we  have  been  handling,  we  have  found  it  rather  difficult 
to  gauge  the  type  of  meeting  and  the  papers  presented.  A  good 
many  think  of  "Engineering  Societj^"  as  some  highbrow  st\iff  and 
balk  at  it  from  the  start. 

We  want  to  go  ahead.  We  don't  want  to  stand  still.  There  is 
a  big  field  for  it.  It  takes  a  little  tact  and  some  knowledge  and 
experience,  I  believe,  to  develop  that  field,  and  we  would  appreciate 
any  suggestion  that  you  can  give  us. 

William  H.  Woods:  Mr.  Chairman  and  Gentlemen.  Mr. 
Cousins  has  practically  stated  the  conditions  existing  in  Toronto 
in  connection  with  the  Toronto  Chapter.  We  are  however,  not 
discouraged  by  any  means  with  the  little  difficulties  encountered 
in  increasing  our  membership. 

Having  been  Secretary  under  Mr.  Cousins  in  the  organizations 
of  the  Toronto  Chapter,  I  have  gotten  the  essential  experience  in 
following  up  prospects  for  our  Chapter.  I  find  that  the  only  way 
to  get  members  for  the  chapter  is  to  get  out  and  do  personal  work 
amongst  the  contractors  and  manufacturing  interests,  and  at  the 
same  time  try  and  keep  out  what  we  might  call  deadwood  from  the 
chapter.  Our  policy  is  to  get  those  vitally  interested  in  our  society 
and  present  to  them  simple  papers  from  which  good  information 
may  be  obtained. 

I  think  too,  that  a  good  strong  point  in  our  chapter  meetings  is 
when  we  have  speakers  from  the  large  compimic^s  over  here.  We 
have  had  some  very  excellent  addnvsses  from  Mr.  Ward  Harrison, 
Mr.  Samuel  G.  Hibben,  Mr.  Davis  Tuck  and  Mr.  A.  J.  Sweet,  and 
we  are  indel)ted  to  these  genthMiicii  for  the  benefit  our  chapter  has 
derived  from  their  visits.  It  scm^ihs  to  hav(^  consolidated  it  and 
shown  \ho  members}ii|)  at  large,  that  tluTC  is  sonit^thing  really  of 
an  international  si)irit  in  our  Society,  and  tliat  the  ('hnj)t(T  hns  a 
lot  of  good  information  in  store  for  tluMU. 

This  year  our  pi()iz;raMi  will  be  even  bett(T  than  we  hav(^  pn^- 
ficnted  in  the  f)ast .  \\ C  propose  going  out  to  our  larg(*  manufactur- 
ing centres  and  g(>t  them  to  subscribe  to  our  fund,  in  order  tiiat  we 
will  !»<'  (iiiaiicially  sound.  1  (hiiik  in  that  way  th(»  conunittee  will 
not  have  to  worry  then,  about    the  necessary  expenses  involved 
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in  promoting  the  objects  of  our  organization,  and  eliminate  the 
undesirable  necessity  of  asking  our  membership  for  a  subscription, 
besides  our  set  fees. 

Our  object  this  year  is  to  increase  the  membership  of  Toronto 
Chapter  to  between  fifty  aad  sixty  members,  there  are  prospects  of 
this  additional  increase  to  our  roll  already  Hned  up  by  our  present 
secretary,  Mr.  J.  Scott  of  the  Sunbeam  Lamp  Co.  I  am  sure  that 
when  we  get  working,  we  will  find  a  good  many  more  prospects 
about  Toronto. 

I  expect  also  that  Mr.  Kintner  of  the  Westinghouse  Lamp  Co. 
at  Hamilton,  who  is  a  member  of  the  Society,  with  Mr.  Stuart, 
also  of  the  same  Company,  would  like  to  form  a  Chapter  in  Hamil- 
ton. Of  course  they  have  not  the  membership  in  Hamilton  to 
constitutionally  form  a  Chapter  at  present.  These  Gentlemen  are 
at  present  members  of  the  Toronto  Chapter,  and  when  the  time  is 
opportune,  the  Toronto  Chapter  will  assist  in  the  organization  of  a 
Hamilton  Chapter,  as  that  city  presents  a  good  field  to  work  in. 

G.  G.  Cousins:  May  I  say  just  one  more  word,  please? 
Toronto  is  reputed  to  have  one  of  the  best  Sections  of  the  A.  L  E. 
E.  in  America,  and  in  comparing  their  situation  with  our  own,  I 
think  the  answer  lies  in  the  fact  that  a  larger  percentage  of  the  A. 
I.  E.  E.  men  are  technical  school  and  college  men.  There  are 
comparatively  few  men  who  are  educated  technically  in  illumina- 
tion, in  the  same  way  that  the  electrical  men  are  educated  along 
the  lines  of  the  activity  of  the  A.  L  E.  E. 

James  M.  Ketch:  I  will  have  to  admit  that  it  was  with  some 
hesitation  that  we  broached  the  plan  of  organizing  a  Chapter  in 
Michigan,  simply  because  several  of  the  men  had  heard  from  other 
Chapters  that,  well,  to  put  it  bluntly,  the  class  of  stuff  that  was 
presented  at  the  Chapters  and  Sections  went  over  the  heads  of 
most  of  the  people  who  came.  And  so,  we  have  taken  a  rather 
different  attitude  to  this  thing. 

In  order  to  diversify,  we  have  selected  directors  from  various 
interests.  One  man  being  from  the  University  of  Michigan,  who 
maintains  the  research  and  the  scientific  end  of  that  institution; 
one  man  from  the  local  architectural  society  and  one  of  the  big 
architects  who  maintains  our  contact  with  the  architects ;  one  man 
from  the  central  station  who  maintains  that  contact;  a  research 
man  from  Dodge  Brothers  Corporation  who  is  interested  in  head- 
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lighting  and  in  headlighting  legislation,  and  also  in  factory  illumin- 
ation; one  man  from  the  National  X-Ray  Reflector  Company  who 
maintains  the  interest  of  the  sales  end  of  the  game;  and  one  man 
representing  fixture  and  equipment  manufacturers. 

We  have  also  been  fortunate  in  the  past  in  having  a  number  of 
these  same  men  belonging  to  the  local  Electrical  League  which  they 
call  the  Electrical  Extension  Bureau  there,  and  it  is  proposed  now 
that  in  the  large  technical  high  school  there,  they  put  up  a  lighting 
demonstration,  which  combines  the  industrial  and  commercial. 
It  seems  now  as  though  this  will  go  across,  that  there  will  be  put  on 
for  the  benefit  of  the  technical  high  school  students,  a  course  by  the 
members  of  the  local  Electrical  Extension  Bureau  and  the  Chapter 
of  the  I.  E.  S. 

There  will  be  a  course  put  on  probably  for  the  local  contractors 
association.  One  of  the  directors  is  also  secretary-  of  the  local 
Electrical  Contractors  Association  and  he  is  very  much  interested 
that  we  link  up  the  contractors  and  Illuminating  Engineering 
Society  to  iron  out  some  of  these  old  stone  age  ideas  held  by  some 
of  the  so-called  contractors. 

I  see  one  great  difficulty  and  a  thing  that  we  are  frankly  worried 
about,  and  that  is  in  getting  the  papers.  I  throw  this  out  as  a  sug- 
gestion: That  the  national  office  of  the  Illuminating  Engineering 
Society  keep  the  secretaries  of  the  Sections  and  Chapters  somewhat 
informed  as  to  what  might  be  available.  Here  is  a  bit  of  research  work 
going  on  here,  or  a  large  job  there;  materials  that  form  the  subject 
of  papers  at  the  National  Society  might  also  well  form  the  subject 
of  papers  for  the  local  Chapters  and  Sections.  It  might  be  that 
the  Chapter  secretary  would  welcome  once  a  month,  or  as  they 
come  in,  a  letter  saying  that  "Here  is  so-and-so  nearyou  wholtliink 
would  be  glad  to  submit  a  i)aper  on  something  that  would  be  of 
direct  local  interest  to  your  people." 

It  is  rather  hard  I  will  have;  to  admit  for  a  secretary  who  knows 
very  few  people  to  start  right  out  in  a  blank  field  and  find  papers 
that  are  of  the  calibre  that  the  people  who  attend  the  Chapter  and 
Section  meetings  will  uiidcrstaiHl  and  some! lung  tli:it  will  be  also 
of  news  value. 

We  have  also  adoj)t<Ml  Ihc  pj;in  of  having  on<'  nKMuber  of  the 
local  Chapter  attend  each  of  the  imj)or(an(,  or  belong  to  each  of  the 
important  associations  in  the  city:  the  Detroit  Engineering  Society, 


740  TRANSACTIONS  I.  E.  S.,  OCTOBER,  I923 

the  local  section  of  the  American  Institute  of  Electrical  Engineers, 
the  S.  A.  E.;  and  there  is  a  glorified  Electricians'  Society.  We  are 
represented  in  all  those  organizations  to  maintain  the  contact  for 
the  Chapter  and  try  to  bring  about  cooperative  meetings  or  com- 
bination meetings  with  these  various  Chapters.  We  also  have  an 
architect's  representative  belong  to  our  Society  as  one  of  our 
directors. 

We  can't  speak  from  a  whole  lot  of  experience  yet  simply  because 
we  organized  last  spring,  and  we  hope  to  have  our  first  paper  this 
month,  which  we  are  going  to  get,  if  possible,  from  our  retiring 
President  of  the  I.  E.  S.,  on  something  of  a  very  fundamental  and 
work-a-day  kind,  something  that  will  start  us  off  in  the  proper  way. 

Chairman  Law:  Is  there  some  one  here  who  can  speak  for  the 
Northern  New  Jersey  chapter  that  has  just  been  organized? 

Charles  Gallo:  I  think  you  will  find  that  the  electricians, 
plant  engineers,  some  school  authorities,  store  managers,  and 
people  who  are  selling  lighting  equipment — all  those  people  who 
have  more  or  less  to  do  with  lighting — are  all  interested;  and  if 
you  explain  to  them  in  a  proper  way,  just  what  the  Illuminating 
Engineering  Society  is  trying  to  do,  and  how  it  can  help  them,  I 
think  those  people  will  all  join  because  there  are  no  reasons  why 
they  shouldn't.  You  can  convince  prospects  by  properly  approach- 
ing them,  and  by  constantly  keeping  at  them,  emphasizing  the  fact 
that  the  Illuminating  Engineering  Society  can  be  of  great  benefit 
to  them,  and  also  that  they  can  be  of  benefit  to  the  Society,  which 
is  unquestionable. 

I  believe  that  is  about  all,  but  I  think  Mr.  Moore  can  give  a 
few  more  details  on  the  organization  of  the  Northern  New  Jersey 
Chapter. 

Chester  L.  Dows:  I  am  the  outgoing, Chairman  of  the  Cleve- 
land Chapter  but  I  am  looking  forward  this  coming  year  to  some 
real  work  in  Cleveland.  We  have  as  our  new  Chairman,  Prof.  H. 
B.  Dates,  Head  of  the  Electrical  Engineering  Department,  Case 
School  of  Applied  Science.  We  have  as  Secretary,  Mr.  R.  A.  Fulton, 
from  the  Cleveland  Illuminating  Company,  and  we  have  as  Chair- 
man of  the  Papers  Committee,  Mr.  E.  W.  Commery,  National 
Lamp  Works.  We  hope  to  increase  our  membership  this  year  and 
to  diversify  it. 
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The  large  proportion  of  our  membership  comes  from  the  Nation- 
al Lamp  Works,  where  so  many  are  interested  in  illumination  in  its 
various  phases.  Our  problem  is  one  of  increasing  and  diversifying 
our  membership  to  spread  interest  in  the  field  of  lighting  and 
illumination.  We  might  use  profitably  any  service  that  brought  to 
our  attention  suitable  speakers  and  papers  from  outside  our  own 
immediate  circle. 

During  the  past  year,  the  Secretary  of  the  A.  I.  E.  E.  at  Head- 
quarters wrote  to  all  the  Secretaries  of  the  Sections,  asking  for  one 
or  two  of  the  most  popular  papers  of  the  year.  Each  A.  I.  E.  E. 
Section  has  eight  or  nine  meetings  through  the  season  and  as  Secre- 
tary of  the  Cleveland  Section,  I  had  no  difficulty  in  picking  out  two 
or  three  outstanding  papers  to  send  in  to  Headquarters.  You  may 
expect  that  a  very  fine  collection  of  subjects  was  compiled  in  this 
way.  A  list  of  these  subjects  was  turned  over  to  the  Chairman  of 
the  Papers  Committee  for  the  year  1923-24  for  their  consideration. 

At  Mr.  Harrison's  suggestion,  we  started  a  survey  last  year  of 
those  that  might  be  interested  in  church  lighting.  One  hundred 
questionnaires  were  sent  out  on  which  three  questions  were  asked 
as  follows : 

1.  Would  you  personally  plan  to  visit  a  special  I.  E.  S.  Meeting 

at  Nela  Park,  Cleveland,  on  improving  artificial  lighting 
in  churches?     Yes No 

2.  Do  you  believe  a  sufficient  number  would  be  interested  in 

church  lighting  to  make  this  Meeting  a  success?     Yes 

No 

3.  Please  give  below  the  names  and  addresses  of  men  interested 

in  church  improvements. 

Summary  of  TwENTY-ErniiT  Returns 
Question  Yes  No  Doubtful  Total 

1  14  13  I  28 

2  13  12  3  28 

3  Fifty-three  names  and  addresses  obtained. 

The  results  of  this  (|U(*stionnain»  h^ad  us  to  b(*li(n'(^  tluit  there 
was  enougli  interest  in  this  subject  to  hold  a  Meeting. 

CifAiitMAN  Law:  Mr.  Dows,  to  whom  did  you  stMui  \Uc  (jut^s- 
tionnires? 

Mr.  Dows:  To  pastors  or  their  assistants  of  the  larger  churches 
in  the  city. 
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Chairman  Law  :    Did  you  hold  such  a  Meeting. 

Mr.  Dows:  No.  This  questionnaire  was  sent  out  late  in  the 
season  but  we  expect  to  hold  this  Meeting  next  year. 

Chairman  Law  :    May  I  ask  what  you  charge  for  afliliates? 

Mr.  Dows  :   We  have  none. 

Chairman  Law:  Who  maintains  the  Chapter?  Who  takes 
care  of  the  expenses? 

Mr.  Dows :  Mr.  Commery  might  answer  this  question  better 
than  I,  but  my  impression  is  that  we  have  had  no  expense  except  for 
postage,  for  which  we  have  been  reimbursed  by  Headquarters. 

Chairman  Law  :  By  the  Headquarters  of  the  Society  in  New 
York? 

Mr.  Dows:  Yes.  Our  Meetings  have  been  held  either  jointly 
with  the  A.  I.  E.  E.  or  in  the  lecture  room  of  the  National  Lamp 
Works,  so  we  have  had  no  rent  to  pay.  Our  only  expense  has  been 
postage. 

Chairman  Law  :  I  am  wondering  whether  it  is  not  a  good  plan 
to  establish  some  set  amount  for  affiliates  in  Chapters.  Of  course  the 
Chapter  can  prepare  their  by-laws  and  constitutions,  elect  their  own 
officers,  and  really  work  independently  of  the  Society.  But  in 
listening  to  this  discussion,  I  find  that  one  Chapter  charges  dues 
of  $1.00,  another  $2.00,  and  I  can  readily  see  that  some  might  charge 
$5.00.  It  seems  to  me  that  it  would  be  a  great  idea  to  establish  some 
set  amount,  although,  of  couse,  the  I.  E.  S.  Headquarters  really 
has  no  jurisdiction  over  this  amount. 

President  Harrison  :  If  you  read  the  Constitution,  and  par- 
ticularly the  section  on  Chapters,  it  will  look  to  you  as  though  the 
Society  created  the  Chapters  and  then  coldly  turned  them  out  to 
shift  for  themselves.  It  says  they  may  arrange  their  financial 
affairs  just  as  they  see  fit,  so  long  as  they  do  not  obligate  the  Society 
in  any  way. 

To  get  down  to  facts,  the  Sections  are  supported  entirely  by  the 
General  Office ;  they  ask  for  a  budget  at  the  beginning  of  the  year 
and  it  is  assigned  to  them;  they  send  their  bills  in  and  they  are 
paid.  This  means  that  relatively  speaking  the  Society  makes 
money  out  of  any  associate  or  any  member  of  the  Society  who 
happens  to  reside  in  a  chapter  district,  because  they  take  his  $7.50 
or  $15  and  instead  of  having  to  return  $2.00  of  it — which  is  the 
average  section  expense — they  return  nothing  to  the  local  organiza- 
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tion.  Of  course,  the  members  gets  the  Transactions,  but  so  do  the 
other  members.  When  it  seemed  evident  that  the  expenses  of  the 
Society  as  a  whole  for  the  past  year  were  going  to  be  substantially 
less  than  its  income,  I  told  the  chairmen  of  a  number  of  chapters 
that  while  it  was  true  the  Society  was  not  obligated  to  pay  their 
bills,  nevertheless  the  Society,  I  knew  wanted  to  deal  fairly  with 
them,  and  if  they  sent  in  to  the  General  Office  bills  not  exceeding 
an  average  of  $2.00  per  member  I  had  rather  definite  hopes  that  the 
Council  would  approve  them;  I  believe  the  Council  has  approved 
them  to  date.  Furthermore,  as  I  recall  the  Toronto  Chapter  and 
the  Cleveland  Chapter,  which  were  the  first  ones  organized,  have  a 
stated  appropriation  on  the  books  of  the  Society.  I  feel  that  every 
Chapter  should  have  some  appropriation.  Of  course,  the  Sections 
are  tied  down  more  closely  than  the  Chapters.  They  have  to  hold 
meetings  at  stated  intervals  and  do  various  things,  whereas  the 
chapters  have  more  privileges  and  are  more  on  their  own  respon- 
sibility. 

It  seems  to  me  that  $5.00  is  quite  a  sum  to  charge  for  member- 
ship in  a  chapter  as  long  as  an  affiliate  does  not  get  the  Transactions. 
As  I  recall,  for  many  years  the  A.  I.  E.  E.  chapter  dues  were  $1.00. 
It  seems  to  me,  too,  that  if  a  chapter  takes  in  members  at  a  dollar, 
these  same  people  should  not  be  solicited  immediately  by  the 
General  Membership  Committee  who  would  try  to  advance  them 
to  a  $7.50  grade;  the  prospect  may  just  drop  the  whole  thing. 

G.  Bertram  Regar:  Mr.  Chairman:  Speaking  from  the 
standpoint  of  the  Membership  Committee,  the  Society  has  elected 
289  members  this  year.  That  growth  is  larger  than  that  of  any 
other  year  with  the  possible  exception  of  the  first  two  years  of  the 
organization  when  it  reached  its  peak.  Then  it  grew  up  as  a  mush- 
room, many  of  those  men  coming  in  because  of  the  desire  of  their 
companies  for  co-operation,  and  they  have  since  dropped  out.  The 
slates  are  absolutely  clean  today  and  the  report  of  the  Secretary 
as  to  the  membership  shows  the  Society  to  be  in  a  very  healthy 
condition. 

The  Society  is  for  the  ch'ssomination  of  knowledge.  I  wius  very 
glad  last  night  to  hear  lliat  the  lighting  man  wjiri  coming  down  the 
hill  pretty  fjust  and  catching  up  with  \\w  scientist,  but  if  we  do  not 
get  that  information  out  where  it  is  usable,  then  tlu^  fellow  still 
in  back  of  the  lighting  man  is  not  catching  up  with  us  but  is  losing 
ground. 
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N.  D.  Macdonald:  Mr.  Chairman:  I  want  to  say  that  this 
meeting  has  certainly  been  well  worth  while.  Messrs.  Ketch  and 
Dows  came  here  to  tell  us  how  badly  the  General  Office  was  func- 
tioning in  getting  information  to  them  and  I  stayed  over  especially 
to  take  a  ''fall"  out  of  some  of  these  section  and  chapter  secretaries 
because  they  were  not  reporting  anything  to  the  General  Office. 

I  am  talking  from  the  point  of  view  of  the  Society  Transactions. 
The  Committee  on  Editing  and  Publications  a  year  ago  tried  to  add 
to  the  Transactions  by  putting  in  some  new  sections.  We  felt, 
considering  the  figures  which  Mr.  Hibben  has  given  you  of  953 
persons  connected  with  sections,  337  with  chapters,  and  181  people 
not  directly  connected  with  any  body  within  the  society,  that 
it  was  time  the  society  had  some  news-disseminating  organ, 
and  therefore,  we  have  tried  to  put  in  the  Transactions  such 
news  of  the  society  and  of  the  industry  as  we  could  get. 

We  find  a  good  deal  of  trouble  in  getting  out  the  Transactions 
promptly  to  you  because  the  machinery  seems  to  need  a  httle 
lubrication.  The  Section  Secretaries  are  a  little  bit  slow  at  times  in 
sending  in  papers ;  authors  do  not  get  them  back  to  us  corrected 
just  as  promptly  as  they  might,  and  on  that  account  papers  which 
might  be  available  for  your  use  promptly,  are  not  published  for  a 
month  or  two. 

It  seems  to  me  that  the  Transactions  might  be  made  of  great 
use  to  you  section  and  chapter  men  if  you  would  only  send  us  some 
information  about  what  you  are  doing  in  your  own  chapters.  After 
all,  we  are  not  able  in  the  General  Office  to  dig  up  any  more  original 
ideas  than  you  are  but  if  you  will  send  us  news  of  what  you  are 
doing  and  put  it  in  such  shape  that  the  other  secretaries  can  use  it 
at  later  meetings  you  will  have  the  problen  settled. 

I  just  wish  to  say  one  other  word  on  that:  Won't  you  please 
try  to  send  us  something  that  tells  us  what  you  really  do?  Do  not 
write  us  that  *'At  the  Blank  Section  we  held  a  meeting  on  such  a 
date.  A  paper  was  presented  by  John  Jones.  153  people  were 
present.    The  paper  was  enjoyed  by  all." 

Tell  us  something  about  what  the  man  said  and  if  there  was  a 
fight  on  the  floor,  tell  us  about  it.  That  is  interesting  and  it  is 
news. 
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Send  us  some  photographs  from  time  to  time.  Mr.  Millar's 
suggestion  is  a  very  excellent  one,  and  if  you  find  items  in  the  daily 
press  from  time  to  time  commenting  on  your  meetings  or  on  any 
new  installations,  send  them  in.  We  shall  be  very  glad  to  publish 
them. 

J.  R.  Colville:  Mr.  Chairman:  Mr.  Harrison  mentioned  a 
few  minutes  ago  that  after  a  chapter  is  organized  it  is  more  or  less 
left  out  on  a  limb  as  far  as  the  parent  organization  is  concerned. 
I  should  like  to  bring  up  for  the  consideration  of  the  proper  com- 
mittee the  fact  that  additional  instructions  in  the  By-laws  and 
Constitution  of  this  organization  would  be  of  very  material  assist- 
ance to  a  chapter  not  only  in  organizing  but  in  carrying  on  its 
work.  I  may  be  speaking  beside  the  point  because  perhaps  this 
has  been  taken  care  of  in  the  past  two  years.  I  organized  the 
Cleveland  chapter  two  years  ago  and  I  know  at  the  time,  it  almost 
took  a  lawyer  to  get  out  of  the  constitution  the  facts  as  to  what  we 
could  do  and  what  we  could  not  do.  I  should  like  to  make  the 
definite,  concrete  suggestion  that  the  proper  committee  give  con- 
sideration to  expanding  a  little  bit  in  the  Constitution  and  By-laws 
on  the  matter  of  chapters  so  that  a  person  who  is  really  interested 
can  tell  without  a  great  deal  of  digging  what  the  chapter  can  do  and 
what  it  can  not  do. 

I  am  sure,  speaking  for  the  men  out  over  the  country  who  do 
not  have  the  benefit  of  the  Council  meetings  that  a  good  many  of 
the  men  who  live  close  by  have,  that  this  would  be  of  material  help 
in  promoting  the  chapters.  In  other  words,  it  stiikos  me  now  as 
though  the  national  body  says  "If  3^011  want  to  organize  a  chapter 
why  go  ahead;  we  have  no  serious  objections." 

Mr.  Moore's  paper  may  clear  t  he  whole  matter  up  but  I  think 
something  should  be  put  in  \hv  constitution  itself,  regardless  of 
whether  everything  is  explained  in  Mr.  Moore's  paper  or  not. 

E.  F.  Nichols:  Is  there  time  at  this  meeting  for  a  moment's 
digression?  It  is  a  matter  which,  to  my  mind,  applies  to  the  Sec- 
tions and  Chapters  and  the  g(Mienil  soei(»ty  alike.  I  want  to  make 
a  comment  on  the  question  of  the  mann(T  of  presentation  of  pajxTs. 

There  has  l)e<'n  one  allusion  to  "highbrow"  paper  hvvc  this 
morning,  and  I  wMn(  to  say  that  the  "higlil)row"  papers  at  this 
convention  haven't  all  been  gi\('n  by  seientilie  mumi.  We  havi^  had 
some    "highbrow"    eoniinereial    and   "highbrow"  art    |)np(>i-s   too. 
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The  fact  of  the  matter  is  that  the  man  who  gives  a  paper 
is  usually  a  specialist  and  his  tendency  is  to  give  a  presenta- 
tion which  would  be  suitable  to  other  specialists  in  his  groove.  He 
gives  it  in  a  way  in  which  only  other  specialists  in  his  field  can 
understand  it.  I  think  that  every  man  who  presents  a  paper 
before  such  a  society  as  ours  is  under  obligation  to  use  his 
imagination  concerning  the  things  in  his  work  which  will  interest 
and  be  within  the  understanding  of  his  audience. 

Papers  that  are  pre-printed  have  all  of  the  details  and  all  of  the 
facts  and  all  of  the  technicalities  that  are  necessary.  It  seems  to  me 
that  certain  very  simple  rules  should  be  followed  in  the  giving  of  a 
paper:  The  speaker  should  plainly  answer  his  hearers  obvious 
questions.  First,  what  is  he  driving  at?  That  he  should  give  in 
plain,  simple  English  so  that  a  man  in  the  street  or  ii  the  alley, 
even,  can  get  some  notion  about  it.  How  is  it  connected  up  with 
other  things  that  are  nearest  it?  What  are  its  surroundings? 
Second,  why  is  it  worth  driving  at?  Third,  how  is  be  driving  at  it? 
Fourth,  what  did  he  find  at  the  end  of  the  road?  And  let  it  go  at 
that.  If  any  member  is  interested  in  any  particular  or  further 
details,  such  matters  can  be  brought  out  in  the  discussion  by  the 
members  who  have  read  the  pre-printed  paper.  But  I  think  in 
giving  the  paper  orally,  it  ought  to  be  given  in  such  a  simple, 
straight-forward  way  that  the  audience  will  not  only  get  the  benefit 
of  the  paper  itself  but  will  know  what  its  closest  relatives  are  and 
why  the  work  was  worth  doing  and  worth  reporting. 

Preston  S.  Millar:  At  our  annual  conventions  advancement 
of  the  science  and  art  of  illumination  is  discussed  by  the  leaders  in 
the  illuminating  engineering  field.  It  is  very  rare  for  enough  of 
these  leaders  to  gather  at  a  meeting  of  a  chapter  to  make  such  dis- 
cussions practicable.  The  Northern  New  Jersey  Chapter  of  the 
Society  is  organized  with  the  idea  not  so  much  of  furthering  dis- 
cussions for  the  advancement  of  the  science  and  art  as  for  the 
purpose  of  taking  to  those  who  can  influence  the  practice  of  the 
public  such  ideas  as  have  been  worked  out  in  the  Society's  technical 
meetings  and  promoting  their  application  in  practice.  Thus  the 
Chapter  seeks  to  hold  meetings  with  civic  bodies,  trade  organiza- 
tions, church  organizations,  etc.,  for  the  purpose  of  pointing  out 
how  illumination  in  their  respective  provinces  can  be  improved  to 
their  advantage. 
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It  seems  to  me  that  additional  chapters  organized  for  scientific 
discussion  of  the  lighting  problem  will  not  succeed.  Chapters  or- 
ganized for  the  purpose  to  which  the  Northern  New  Jersey  Chapter 
is  committed  can  perform  a  valuable  service  in  extending  the 
influence  of  the  Society  for  better  lighting  by  the  public. 

Id  the  conduct  of  Sections,  Chapters  and  Local  Representatives' 
work  there  is  a  very  evident  need  for  a  co-ordinating  influence  from 
headquarters.  It  seems  to  me  that  there  ought  to  be  an  individual 
or  a  committee  charged  with  following  the  work  of  each  and  com- 
municating to  the  others  information  of  a  promotive  character. 


RAILWAY  CAR  LIGHTING* 


BY   GEORGE   E.    HULSE** 


SYNOPSIS:  Limitations  encountered  in  the  problem  of  supplying  illumination  to  cars. 
Amount  of  energy  available  limited,  due  to  car  being  on  the  move.  Position  of  lighting  fixtures 
determined  by  car  construction,  preventing  flexibility  in  placing  units. 

Maintenance  of  reflecting  and  transmitting  surfaces  more  difficult  than  in  most  other 
situations. 
Means  of  Lighting — 

Gas — incandescent  mantle. 

Electricity — axle  driven  generator  with  storage  battery. 
Standardization  of  Car  Illumination — 
The  postal  car  lighting  tests  of  191 2. 
Determined  and  standardized. 

The  amount  of  illumination  necessary  for  postal  clerks  to  properly  handle  mail. 
The  types  of  reflectors  best  suited  for  use. 

Based  on  these  test  results,  the  Railway  Mail  Service  issued  specifications  for  lighting 
of  postal  cars,  giving  definite  values  for  their  illumination  and  other  details,  such  as 
mounting  height  of  lamps,  and  angle  of  cut-oflf. 

These  specifications  can  be  applied  without  the  necessity  of  further  investigation,  in 
the  case  of  the  change  in  interior  design  of  postal  cars,  the  type  of  reflector  available, 
or  the  tj^e  of  light  source  available. 
Coach  Lighting  Tests  of  1913 — 

Determined  the  amount  of  illumination  obtained  with  the  possible  arrangements  of 
fixtures,  and  the  available  types  of  reflectors,  bowls  and  lamps. 

The  results  of  these  tests  are  still  in  use  as  the  basis  for  designing  lighting  installations 
in  practically  all  classes  of  cars. 
Arrangement  of  Fixtures  for  Various  Types  of  Cars,  and  the  Resulting  Illumination — 
Coaches,  Dining  cars.  Sleeping  cars,  Postal  cars.  Business  cars.  Baggage  cars,  Parlor 
smoking  cars. 
Types  of  Glassware  used  and  the  Efficiency  of  Installation  with  this  Glassware — 
Illumination  values  obtained.     The  illumination  obtained  runs  lower  than  illumination 
values  used  in  office  or  factory  installations,  but  seems  to  be  ample  for  the  conditions 
under  which  it  is  used. 

The  special  conditions  surrounding  the  generation  of  Hght, 
and  its  application  for  obtaining  correct  illumination  in  car 
lighting,  differentiate  it  considerably  from  other  forms  of  lighting 
and  illumination. 

The  amount  of  energy  which  can  be  used  for  lighting  is  limited. 
This  energy  can  be  obtained  from  a  stored  supply,  or  it  may  be 

*A  Paper  presented  before  the  Annual  Convention  of  the  Illuminating  Engineering  Society, 
Lake  George   N.  Y.    September  24-28,  1923. 

♦♦Chief  Engineer,  The  Safety  Car  Heating  and  Lighting  Co.,  New  Haven,  Conn. 

The  Illuminating  Engineering  Society  is  not  responsible  for  the  statements  or  opinions 
advanced  by  contributors. 
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generated  on  the  car  itself,  which  also  entails  obtaining  it  at 
times  from  a  stored  supply.  This  limitation  in  the  amount  of 
energy  available  makes  its  most  efficient  utilization  necessary. 

The  lighting  fixtures  must  be  permanently  secured  in  position, 
and  out  of  the  way  of  seats,  baggage  racks,  and  sleeping  car 
berths,  and  their  position  is  also  determined  by  the  actual  con- 
ditions of  car  construction.  This  limits  the  flexibility  possible  in 
placing  the  units. 

The  problem  is  further  somewhat  complicated  by  the  fact  that 
the  fixtures  must  be  maintained  with  the  minimum  of  labor 
expended  in  their  upkeep,  and  as  the  conditions  on  a  railroad  car 
are  particularly  bad  as  regards  the  collection  of  dust  and  dirt  on 
the  fixtures,  this  item  is  one  which  has  had  careful  study  in  the 
designing  and  placing  of  the  lighting  units. 

METHODS    OF   LIGHTING 

A  large  number  of  cars  are  at  present,  and  will  continue  for 
some  time  to  be  lighted  by  gas.  Practically  all  gas  lighted  cars  in 
this  country  use  oil  gas  as  the  illuminant.  This  gas  is  made  by 
^cracking'  petroleum  oil  in  generators.  After  it  is  put  through 
the  usual  processes  of  cleaning  and  purification,  it  is  compressed 
to  a  pressure  of  about  150  pounds  per  square  inch,  and  is  dis- 
tributed under  this  pressure  to  the  car  yards,  where  it  is  transferred 
to  suitable  holders  carried  underneath  the  cars. 

This  gas  has  a  high  heating  and  illuminating  value,  which  is 
not  materially  docroasod  by  the  compn^ssion  to  which  it  is  sub- 
jected. It  is  this  feature  of  the  gas  which  makes  it  suitable  for 
car  lighting,  as  it  provides  the  maximum  amount  of  lighting  value. 

Most  of  the  cars  lighted  by  gas  use  the  incandescent  mantle, 
and  the  flat  flame  type  of  lamps  which  were  installed  in  the  older 
cars  are  being  converted  to  use  the  incandescent  mantle  The 
largest  proportion  of  the  lani|)s  use  a  mantle  giving  ()o  cp.  and 
consuming  2  en.  ft.  of  gas  |)er  hour.  Where  the  lamps  were  origi- 
nally instnlird  at  considerable  distances  apart,  wiu-n  the  lamps 
arc  remodelled  it  is  not,  feasible  to  respace  the  lamps,  a  large 
mantle  giving  125  cp.  with  a  consumption  of  2.5  eu.  ft.  of  gas 
per  lioni-  is  used.  A  smaller  mantle,  giving  25  cp.  is  available  for 
use  where  smaller  light  sources  are  n(»cessary. 
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The  mantle,  being  of  the  inverted  type,  gives  a  candle  power 
distribution  which  is  well  suited  for  the  requirements  of  car 
lighting. 

As  the  gas  is  of  constant  quality,  and  the  pressure  maintained  is 
very  uniform,  the  light  output  of  the  mantles  is  constant,  and  is 
maintained  without  any  necessity  of  adjusting  the  air  or  gas  supply. 

Electric  Lighting 

A  large  proportion  of  the  new  cars  now  being  built  are  fitted 
withf^electric  light.  In  some  cases,  electric  light  is  also  being 
applied  to  older  cars,  displacing  the  former  systems. 

The  Axle  Generator  System  is  almost  exclusively  used  for 
generating  the  electricity  for  lighting  cars. 

The  system  known  as  the  'Straight  Storage  System'  was 
formerly  used  to  a  considerable  extent,  but  it  has  almost 
entirely  disappeared.  With  this  system,  the  light  was  obtained 
from  storage  batteries  which  were  charged  at  a  stationary 
plant,  necessarily  while  the  car  was  not  in  operation.  This 
system  has  gone  out  of  use,  because  the  time  required  for  charging 
the  batteries  lessened  too  much  the  availability  of  the  cars  for 
actual  service,  as  it  required  an  actual  charging  period  of  eight 
hours  to  properly  charge  the  batteries. 

Some  trains  are  still  lighted  by  the  'Head  End  System,'  in 
which  the  current  is  obtained  from  a  steam  driven  generator 
in  the  baggage  car  of  the  train.  This  generator  supplies  the 
current  for  the  whole  train.  A  few  of  the  cars  in  the  train  are 
supphed  with  storage  batteries  to  take  care  of  the  lighting  during 
such  times  as  the  engine  is  detached.  This  system,  however,  is 
going  out  of  use.  In  the  winter  time  the  steam  used  by  the 
turbine  is  too  much  of  a  drain  on  the  locomotive,  which,  at  certain 
times,  needs  all  the  steam  supply  which  it  can  generate  to  pull 
the  train.  This  system  is  also  quite  inflexible,  as  it  provides  no 
means  of  lighting  cars  which  may  be  detached  from  the  train  and 
sent    to    branch    lines. 

In  the  Axle  Generator  System,  the  current  is  generated  by  a 
dynamo  driven  from  the  axle  of  the  car.  This  dynamo  provides 
current  for  the  lights,  and  charges  a  storage  battery  which 
provides  current  for  lighting  when  the  car  is  not  in  motion. 
With  this  system,  each  car  is  its  own  power  plant,  which  is  in 
operation  whenever  and  wherever  the  car  may  be  in  service. 
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Such  attention  as  is  necessary  for  the  proper  operation  of  the 
system  may  be  given  to  the  car  during  the  time  of  its  regular 
layover  periods. 

The  essentials  of  such  a  system  are  as  follows: — (i)  A  generator 
mounted  on  either  the  car  body  or  the  truck  with  some  form  of 
driving  system  between  the  car  axle  and  the  generator.  (2)  A 
storage  battery  to  furnish  current  when  the  car  speed  is  not 
sufl&cient  to  drive  the  generator  at  a  speed  to  properly  charge  the 
batteries  and  light  the  lamps.  (3)  A  regulator  to  govern  the 
output  of  the  generator  at  varying  speeds,  and  to  properly  charge 
the  storage  battery  and  protect  it  from  overcharging.  (4)  A 
regulator  to  maintain  proper  voltage  at  the  lamps.  (5)  Some 
means  of  keeping  the  polarity  of  the  generator  constant,  when  the 
direction  of  movement  of  the  car  changes. 

These  conditions  have  been  successfully  met  in  various  ways, 
the  majority  of  equipments  in  use  now  embodying  the  following 
features: — (i)  A  generator  mounted  on  the  car  underframe,  driven 
by  a  belt.  (2)  The  generator  is  controlled  for  output  at  varying 
speeds  by  a  carbon  pile  rheostat  in  its  field  circuit.  (3)  The 
battery  is  protected  from  overcharging  by  the  voltage  which 
is  supplied  to  it  being  limited  to  a  voltage  which  will  properly 
charge  the  battery  but  will  not  overcharge  it.  (4)  The  lamp 
voltage  is  held  constant  by  an  automatic  carbon  pile  rheostat. 

At  present,  there  is  some  demand  for  a  drive  which  will  be 
more  positive  in  its  action  than  a  belt.  Belts  do  give  some 
trouble  from  slipping,  and  from  being  lost,  especially  in  winter 
weather.  Various  types  of  gears  or  other  positive  drives  are 
being  investigated,  but  it  is  doubtful  whether  when  all  the  con- 
ditions of  application  to  the  car,  first  cost,  and  the  cost  of 
maintenance  are  considered,  the  increase  in  service  will  be  justified. 

CAR   ILLUMINATION 

I  have  already  said  that  the  mounting  positions  for  the  lighting 
fixtures  in  railroad  cars  are  limited — in  fact,  there  are  practically 
only  two  positions  in  which  the  fixtures  can  be  placed.  These 
are: — (i)  On  thcuppiT  deck,  that  is,  dirctly  under  the  roof  of  the 
car,  or  (2)  on  the  side  deck.  As  the  ceiling  height  is  only  nin('  feet, 
it  is  impossible  to  kccj)  Ihc  light  sources  out  of  the  range  of  vision, 
and  makes  the  screening  of  all  light  sources  absolutily  necessary. 
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While  these  Hmitations  may  have  led  to  some  inconvenience, 
they  have  also  accomplished  the  adoption  of  certain  standards  for 
lighting  cars,  which  must  be  very  closely  adhered  to. 

There  are  standards  in  use  for  the  illumination  of  almost  every 
type  of  car,  and  these  standards  are  based  on  data  obtained  from 
tests  made  in  cars  with  all  possible  combinations  of  fixture 
positions,  light  sources,  and  fixture  accessories. 

Postal  Car  Lighting  Tests 

In  19 1 2,  the  Post  Ofiice  Department,  represented  by  the  Rail- 
way Mail  Service,  together  with  a  number  of  Railroads  and 
manufacturers,  conducted  a  series  of  tests  at  Washington  to 
determine  what  was  the  proper  illumination  for  postal  cars,  and 
how  it  could  best  be  obtained.  These  tests  included  the  measure- 
ment of  illumination  with  all  available  arrangements  of  fixtures, 
light  sources,  reflectors,  and  glassware.  They  also  included  tests 
of  the  amount  of  illumination  necessary  for  the  postal  clerks  to  do 
their  work  properly  and  without  eye  fatigue.  These  latter  tests 
were  made  with  a  large  number  of  operators,  and  with  all  possible 
combinations  of  fixture  positions,  light  sources,  reflectors  and  glass- 
ware. 

As  a  result  of  these  tests,  specifications  were  issued  by  the 
Post  Office  Department  covering  completely  the  fighting  of  postal 
cars,  as  to  the  general  position  of  the  fixtures,  and  the  amount  of 
illumination  necessary  in  different  parts  of  the  car,  the  latter  being 
given  a  maximum  and  a  minimum  value.  Differentiation  was  also 
made  between  the  different  types  of  reflectors,  and  where  the  tests 
showed  that  the  illumination  necessary  differed  with  one  type  of 
reflector  and  another,  proper  allowances  were  made  in  the  speci- 
fications. 

The  application  of  these  specifications  has  resulted  in  a  very 
satisfactory  illumination  of  postal  cars,  and  although  since  these 
tests  were  made  the  types  of  light  sources  have  changed,  the 
interior  construction  of  the  car  has  been  modified,  and  new  types 
of  reflectors  have  been  introduced,  the  information  obtained,  and 
the  standards  adopted  as  a  result  of  these  tests,  have  made  it 
possible  to  rearrange  the  illumination  and  give  satisfactory  re- 
sults without  the  necessity  of  any  further  investigation. 
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Following  the  postal  car  tests,  a  number  of  Railroads  and 
manufacturers  interested,  conducted  a  series  of  tests  on  the  Hghting 
of  railroad  coaches  at  Cleveland.  In  these  tests,  the  amount  of 
illumination  with  all  possible  arrangements  of  fixtures  and  available 
types  of  reflectors  and  bowls  and  light  sources,  was  determined. 
The  results  of  these  tests  were  sufficiently  comprehensive  to 
cover  all  the  features  which  have  been  introduced  in  car  lighting 
since  that  time,  and  are  still  in  use  as  a  basis  for  designing  the 
lighting  installations  in  practically  all  classes  of  cars,  except  postal 
cars. 

TYPE   C  LAMP 

The  introduction  of  the  type  C  lamp  with  its  larger  output 
of  light  per  unit  of  energy  has,  of  course,  had  some  influence  on  car 
lighting  where  the  question  of  efficiency  in  the  light  source  is 
particularly  important. 

Up  to  the  time  of  the  introduction  of  the  type  C  lamp,  the 
use  of  open  reflectors  was  universal  for  almost  all  of  the  different 
classes  of  cars.  This  was  used  on  account  of  its  increased  eflficiency 
over  any  enclosing  bowl,  and  also  on  account  of  the  fact  that  it 
was  considerably  easier  to  keep  clean  than  enclosing  glassware.  In- 
direct lighting  has  never  been  used  to  any  extent  in  car  lighting 
due  to  the  difficulty  in  keeping  the  reflecting  surfaces  in  proper 
condition.  The  appearance  of  the  fixture  with  open  reflectors,  is, 
of  course,  not  so  pleasing  as  fixtures  with  enclosing  bowls,  and  the 
proper  screening  of  the  light  source  in  considerably  more  difficult. 

Since  the  introduction  of  the  type  C  lamp,  however,  the  use 
of  enclosing  glassware  is  increasing,  as  ai)out  the  same  output 
per  unit  of  energy  used  can  be  obtaiiuMl  by  using  enclosing  glass- 
ware with  the  type  C  lamp  as  can  be  obtained  with  the  open 
reflector  and  the  type  I^  lamp,  and  the  appearance  of  the  former 
type  of  fixture  is  considerably  better  than  the  open  n^fliM'tor. 

Type  Clamps  are  being  used  to  some  extent  in  opi^n  relliM-tors, 
hut  this  is  not  good  practice,  unl(»ss  the  lamp  is  white  glass,  or 
bowl  frosted,  as,  e\('n  if  I  lie  li^lil  source  ilsclf  is  schmmumI,  tlu* 
bright  reflection  spots  on  I  lie  rcllcctor  :\iv  vimt  trying  to  the  eyc^s. 

The  following  is  an  outline  of  tlir  nictluxls  of  lighting  used  in 
the  various  tyjx's  of  railway  cars — 
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Coaches 

Coach  lighting  is,  of  course,  of  the  greatest  importance  as, 
coaches  constitute  the  largest  number  of  cars  in  use,  and  carry- 
more  people  than  any  other  class  of  car. 

A  certain  amount  of  general  illumination  is  necessary,  but  the 
principal  illumination  is  required  for  reading.  The  Hghting  system 
should  be  designed  for  best  illumination  on  the  reading  plane, 
which  is  45°  to  the  horizontal,  and  at  right  angles  to  the  centre 
line  of  the  car.  The  lighting  tests  which  I  have  referred  to,  de- 
monstrated that  equally  good  illumination,  as  far  as  intensity, 
distribution,  and  uniformity  go,  could  be  obtained  either  with  the 
fixtures  mounted  on  the  upper  deck,  or  on  the  side  deck. 

Centre  lighting  is  more  largely  used,  however,  on  account  of 
the  fact  that  it  requires  less  fixtures,  and  there  are  fewer  lamps  and 
reflectors  to  maintain.  Centre  lighting  also  gives  less  trouble  from 
shadows  cast  by  the  passenger's  head  on  his  own  or  another  pas- 
senger's reading.  The  standard  spacing  for  lamps  is  6-ft.  both  for 
those  mounted  on  the  centre  deck  and  on  the  side  deck.  The 
mounting  height  for  the  centre  lamps  is  about  8-ft.  and  for  the 
side  lamps  6-ft.  6-ins. 

The  open-mouth  type  of  reflector,  in  either  heavy  density  opal 
glass,  or  clear  prismatic,  is  employed  for  coach  lighting,  preferably 
with  type  B  lamp.  For  centre  lighting,  a  50-watt  lamp  is  used, 
having  an  output  of  560  lumens,  and  for  the  side  lighting  a  25- 
watt  lamp,  having  an  output  of  270  lumens. 

Using  these  lamps,  the  following  illumination  values  are  ob- 
tained with  the  open-  mouth  reflectors  as  in  Table  I. 


TABLE  I 

Foot-Candles 

45° 

PLANE 

Window 

Aisle 

Seats 

Seats 

Mean 

Heavy 
Density 

2.87 

3.85 

3.39 

Opal 

Clear 

2.81 

3.67 

3.25 

Prismatic 

HORIZONTAL     EFFICIENCY 


PER    CENT 

Horizontal 

Average 

Plane 

4-95 

49.7 

4.67 


46.6 
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When  type  C  lamps  are  used,  they  should  be  used  exclusively 
for  centre  lighting,  in  fixtures  placed  close  against  the  ceiling  with 
an  enclosing  bowl,  the  mounting  height  of  the  fixtures  being  about 
8-ft.  6-ins. 

The  bowls  used  are  of  the  best  type  of  transmitting  glassware, 
and  the  lamps  50-watt  type  C,  with  an  output  of  740  lumens. 
With  the  grade  of  glass  now  available,  the  following  illumination 
values  are  obtained — See  Table  II. 

TABLE  II 

Foot-Candles 


45°   PLANE 

i^indow 

Aisle 

Seats 

Seats 

HORIZONTAL   PLANE 


Mean 


Average 


EFFICIENCY 
PER  CENT 

Horizontal 
Plane 


2.59  2.85  2.72  3.35  22 

Using  the  75  watt  type  C  lamp  (12 15  lumens,  or  202  lumens 
per  running  foot  of  car)  these  values  would  be  as  follows — See 
Table  III. 

TABLE  III 
Foot-Candles 


45    plane 

Window 

Aisle 

Seats 

Seats 

HORIZONTAL    PLANE 


3-58 


3-44 


Mean 


3-75 


Average 


4  •  65 


EFFICIENCY 

Horizontal 
Plane 

PER  CENT 

22 


It  will  be  noted  that  using  the  same  wattage  the  values  obtained 
with  the  type  Clamp  and  enclosing  l)owlsaroal)ou^  20  percent  lower 
than  with  the  open-mouth  reflectors.  With  the  enclosing  bowl,  to 
obtain  illumination  equal  in  intensity  to  that  obtained  with  a  type 
B  lamp  and  open-mouth  reflectors,  it  is  necessary  to  increase  the 
wattage  50  per  cent  and  to  use  a  type  C  lamp.  With  the  enclosing 
bowl,  there  is  no  danger  of  glan^  and  the  appearance  of  the  car  is 
considerably  improved. 

With  gas  lighting,  tlic  lamj)s  arc  generally  spaccnl  g-ft.  apart. 
The  best  arrangement  uses  an  enclosing  bowl  around  tli(^  mantle,  as 
open-mouth  reflectors  are  not  suitable  for  use  with  gas  burners. 
The  type  of  bowl  most  generally  us(m1  is  one  that  is  sj^herical  in 
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shape,  the  upper  half  being  of  heavy  density  opal  glass,  and  the 
lower  portion  of  clear  glass  optic  ribbed.  As  the  gas  mantle  has  a 
rather  low  intrinsic  brilHancy,  these  ribs  give  sufficient  diffusion  to 
prevent  any  bad  effects  from  glare.  The  illumination  values  for  a 
coach  with  such  an  equipment,  using  the  90-cp.  mantle  with  g-ft. 
spacing,  87  lumens  per  running  foot  of  car,  are  as  follows  as  in 
Table  IV. 

TABLE  IV 
Foot-Candles 

horizontal  plane         efficiency 

PER  CENT 

Average  Average 

1.75  2.04  1.89  2.42  25 

With  the  125  c.p.  mantle,  giving  120  lumens  per  running  foot 
of  car,  these  values  would  be  as  follows — See  Table  V. 


45      PLANE 

Window 

Aisle 

Seats 

Seats 

TABLE  V 

Foot-Candles 

45"    PLANE 

HORIZONTAL   PLANE 

EFFICEENCT 
PER   CENT 

Window 

Aisle 

Seats 

Seats 

Average                           Average 

2-44 

2.84 

2.64                                3-37 

25 

Dining  cars 

The  evolution  of  dining  car  Hghting  is  an  example  of  the  fact 
that  the  type  of  lighting  which  may  be  satisfactory  in  one  place 
may  not  be  satisfactory  under  what  appear  to  be  very  similar  con- 
ditions. It  is  generally  conceded  that  the  requirements  for  dining 
room  lighting  are  that  the  table  itself  should  be  made  a  place  of 
high  illumination,  and  that  the  remainder  of  the  room  should  be 
at  a  considerably  lower  level. 

Some  years  ago  a  system  of  lighting  dining  cars  was  designed, 
based  on  these  requirements,  and  this  system  met  these  require- 
ments fully.  However,  it  did  not  give  satisfaction  to  the  patrons 
of  these  cars.  The  lighting  fixtures  were  placed  directly  over  the 
tables,  with  concentrating  reflectors  above  the  lamps,  and  directing 
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plates  under  the  lamps,  placing  a  high  illumination  directly  on  the 
table.  The  general  illumination  was  quite  low,  and  was  obtained 
by  a  few  light  sources  in  the  upper  deck  of  the  car.  While  the 
tables  were  very  well  lighted,  the  rest  of  the  car,  of  course,  was  not, 
and  patrons  of  dining  cars  complained  that  the  cars  were  gloomy. 
This  has  led  to  an  installation,  in  which  there  is  a  considerable 
degree  of  general  illumination.  The  lamps  over  the  tables  have 
been  retained,  but  the  general  illumination  is  now  of  a  higher  value, 
and  is  obtained  either  by  semi-indirect  lamps,  or  by  enclosing 
bowls,  placed  directly  against  the  ceiling.  The  lamps  for  general 
illumination  are  mounted  6-ft.  apart,  and  use  50-watt  type  C 
lamps.  The  illumination  on  the  table  top  is  from  eight  to  twelve 
foot  candles,  and  is  obtained  by  the  use  of  50-watt  type  C  lamps, 
mounted  in  the  special  fixture  referred  to. 

The  kitchens  and  pantries  in  the  dining  cars,  of  course,  require 
a  high  degree  of  general  illumination,  as  they  are  so  small  that  the 
work  of  preparing  meals  is  carried  on  in  all  parts  of  these  rooms. 
The  present  practice  is  to  light  these  rooms  by  ceiling  fixtures, 
using  a  50-watt  type  C  lamp  with  a  reflector  of  the  RLM  type. 

As  the  work  is  carried  on  by  the  occupants  of  these  rooms  in  a 
standing  position,  and  this  work  is  all  below  the  level  of  the  eye, 
this  type  of  fixture  can  be  used  without  any  bad  effects  from  glare. 

Sleeping  cars 

Sleeping  cars  require  lighting  for  general  illumination,  for 
reading,  or  for  working  at  a  table  in  the  sections,  for  the  illumina- 
tion of  the  berths  after  they  are  made  up,  and  for  the  illumination 
of  the  aisle  for  passengers  who  go  through  after  the  berths  are 
made  up. 

The  fixtures  for  general  illumination  must  be  placed  close  to 
the  ceiling  to  prevent  interference  with  the  fixture  from  the  upper 
berth.    A  shallow  enclosing  bowl  is  used  with  these  fixtures. 

Small  units,  witli  individual  control,  placed  in  the  corner  of 
each  section,  provide*  additional  local  illumination  for  reading  in 
the  seats,  and  for  the  necessary  light  after  the  berths  have  been 
made  up. 

The  state  rooms  in  a  sle(»ping  car  and  compart m(*nt  car  are 
lighted  by  the  same  type  of  ceiling  lamp  jvs  is  used  in  tin*  IxMth 
section  of  the  sleeper. 
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Smoking  rooms  are  lighted  by  centre  lamps  in  the  ceiling,  and 
also  may  have  bracket  lamps  at  the  back  of  the  fixed  seats  to 
ensure  proper  lighting  for  reading. 

The  passageways  are  lighted  by  ceiling  fixtures,  either  with 
open-mouth  reflectors,  or  a  fixture  having  a  reflector  set  into  the 
ceiling,  and  a  directing  plate  under  the  lamp  set  flush  with  the 
ceiling. 

It  was  formerly  the  custom  to  leave  one  or  more  of  the  centre 
lights  lit  after  the  berths  had  been  made  up,  but  this,  of  course, 
was  a  nuisance  to  the  occupants  of  the  upper  berths.  Fixtures 
are  now  being  used  which  are  secured  to  the  frame  of  the  seat. 
These  fixtures  throw  the  light  on  the  floor,  making  it  easy  to  find 
the  way  along  the  aisle  after  the  berths  have  been  made  up,  and 
the  ceiling  lamps  have  been  extinguished. 

For  the  centre  lamps,  type  C  bulbs,  loo-watt,  having  an 
output  of  1700  lumens,  are  used.  The  general  illumination  on  the 
reading  plane  with  this  fixture  and  loo  watt  bulb,  averages  five 
foot  candles.    For  the  berth  lamps,  2  5- watt  type  B  bulbs  are  used. 

Parlor  cars 

Parlor  cars  require  illumination  mainly  for  reading  purposes, 
together,  of  course,  with  sufficient  general  illumination.  The  same 
type  of  installation  is  used  in  parlor  cars  as  in  sleeping  cars,  with, 
of  course,  the  omission  of  the  particular  units  having  directly  to  do 
with  the  sleeping  car  berths. 

Parlor-smoking  cars 

These  cars  require  general  illumination,  and  also  good  illumin- 
ation on  the  reading  plane.  The  general  illumination  is  obtained 
by  the  same  type  of  centre  fixture  as  is  used  in  sleeping  cars,  but 
as  the  seats  are  on  the  side  of  the  car  facing  the  centre,  it  is  neces- 
sary to  add  to  this  illumination  for  reading  purposes.  The  ad- 
ditional illumination  is  obtained  either  by  pendants  attached  to 
the  side  deck,  or  by  brackets  on  the  side  walls  of  the  car. 

Postal  cars 

The  proper  illumination  of  a  postal  car  is,  of  course,  very 
important  as  postal  clerks  are  employed  constantly  while  in  the  car 
on  work  which  demands  the  best  possible  illumination. 
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Postal  cars  are  divided  into  three  sections — 

(i)  The  section  where  the  letters  are  taken  from  the 
sacks  and  distributed  to  the  pigeon  holes  according  to  the 
route  which  they  are  to  follow. 

(2)  The  bag  distributing  rack,  where  the  papers  are 
distributed  into  boxes,  and  where  packages  or  letters  are 
placed  in  the  mail  bags. 

(3)  The  storage  end,  where  the  filled  sacks  are  stored. 

The  letter  distributing  cases  require  high  illumination  on  the 
vertical  plane  for  the  box  labels,  and  on  the  horizontal  plane  for 
the  reading  of  the  addresses  on  the  mail. 

The  bag  distributing  racks  require  high  illumination  on  the 
horizontal  plane,  for  reading  the  addresses  on  the  packages,  and 
also  for  the  labels  on  the  bag  rack. 

The  storage  end  of  the  car  requires  a  fair  general  illumination. 
The  following  are  the  specifications  of  the  Railway  Mail  Service 
for  the  initial  illumination  values  for  the  various  portions  of  the 
postal  car  as  in  Table  VI 

TABLE  VI 

Initial  Values  of  Illumination  Required 

foot-candles 
Bag  Rack  Portion  Minimum       Maximum 

Centre  of  car — horizontal 3 .  75  12 .  00 

Mouth  of  bags,  measured  18  inches  from  side  of  car — 

horizontal 2. 00  12. 00 

Letter-cases 

Over  table — horizontal 3-75  1 9 .  00 

Face  of  case — vertical i .  66  1 9 .  00 

Storage  portion 2  00  1 2 .  00 

Those  initial  values  are  so  set  so  as  to  give  adequate  illumination 
in  case  there  is  a  depreciation  of  40  percent  in  the  efficiency  of  the 
installation. 

If  rcfhurtors  with  a  glazed  reflecting  surface,  such  as  porci^lain 
enamelled  metal,  are  used,  these  values  must  be  increased  25 
per  cent. 

The  reflector  most  largely  uscmI  in  postal  car  lighting  is  one 
made  from  aluminum,  with  a  special  matted  surface,  which  gives 
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a  high  reflecting  efficiency,  and  which  may  be  easily  cleaned,  and 
its  original  efficiency  restored. 

These  specifications  are  fulfilled  in  the  6o-ft.  postal  car  of  the 
present  type,  by  using  15  type  B  50-watt  560-lumen  lamps.  These 
lamps  are  used  with  an  aluminum  open-mouth  reflector,  the  re- 
flector at  the  lettercase  being  of  the  intensive  type,  and  those  in 
the  bag  rack  and  storage  portion,  giving  the  maximum  outputat 
an  angle  of  45°. 

If  type  C  50-watt  lamps  are  used,  eleven  lamps  are  required. 
These  lamps  have  an  output  of  740  lumens.  The  same  type  of 
reflector  is  employed. 

The  Railway  Mail  Service  require  that  if  the  type  C  lamp  is 
used,  it  must  be  bowl  frosted,  or  enamelled. 

For  the  60-ft.  apartment,  with  Pintsch  gas,  eleven  lamps  are 
required,  using  a  90-cp.  mantle,  with  aluminum  reflectors. 

Private  or  business  cars 

The  private  or  business  cars  generally  consists  of  what  may 
be  termed  the  living  room,  or  office,  in  the  observation  end, 
several  state  rooms,  or  bedrooms,  dining  room,  and  kitchen. 

The  living  room  or  office,  is  provided  with  general  illumination 
from  centre  lights.  It  may  have  chairs  placed  along  the  side  fac- 
ing the  centre,  and  lighting  for  reading  at  these  chairs  is  provided 
by  brackets  on  the  side  wall,  or  pendants  on  the  lower  deck.  Ad- 
justable local  lighting  units  are  provided  for  the  desks  and  type- 
writers with  which  these  rooms  are  generally  fitted.  There  are 
also  local  lights  provided  for  lighting  the  gauges  and  speed  indi- 
cators which  are  installed  in  this  room. 

The  bedrooms  may  be  fitted  either  with  the  ordinary  form  of 
sleeping  car  berth,  or  with  a  portable  bed.  These  rooms  generally 
have  one  centre  lamp.  If  there  are  berths,  the  berths  are  provided 
with  berth  lights,  and  the  beds  have  reading  lights  attached  to 
the  bed  posts.  The  mirrors  in  these  rooms  are  provided  with  local 
lighting  brackets  set  on  either  side  of  the  mirror.  The  centre 
lights  used  are  generally  of  the  enclosing  bowl  type,  mounted 
close  to  the  ceiling. 
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The  dining  room  is  ordinarily  lighted  by  one  centre  light  placed 
directly  over  the  table.  In  some  cases,  the  dining  room  may  be 
also  used  for  a  sitting  room.  In  this  case,  additional  hghting  is 
provided  by  brackets  or  pendants  on  the  deck  rail. 

Baggage  Cars 

These  cars  must  be  provided  with  good  illumination  both  on 
the  horizontal  and  vertical  planes. 

The  illumination  on  the  vertical  plane  must  be  of  a  good  value 
up  to  a  height  of  seven  feet.  Trunks,  and  other  articles,  which  are 
carried  in  baggage  cars,  are  often  piled  very  high  in  the  car,  and 
the  illumination  must  be  sufficient  so  that  the  labels,  or  markings, 
on  all  baggage  can  be  easily  read. 

Glass  reflectors,  or  enclosing  bowls,  are  not  desirable  in  this 
class  of  car  on  account  of  the  danger  of  breakage. 

The  best  practice  at  present  is  the  use  of  metal  reflectors  of 
the  RLM  type,  placed  as  close  to  the  ceiHng  as  possible.  With  such 
reflectors,  and  50-watt,  740  lumen  type  C  lamps,  spaced  lo-ft. 
apart,  an  illumination  of  about  four  foot  candles  will  be  obtained 
on  the  horizontal  plane,  and  an  illumination  varying  from  one  to 
five  foot  candles  on  the  vertical  plane. 

Baggage  cars  should  also  be  provided  with  a  fixture  over  each 
door,  having  a  metal  reflector  designed  to  light  the  floor  of  the 
car  directly  at  the  door,  and  also  to  reflect  the  light  through  the 
doorway  of  the  car  so  that  it  may  illuminate  the  floor  of  a  baggage 
trunk  placed  at  the  doorway. 

ILLUMINATION  INTENSITIES 

I  have  hoard  at  times  some  criticism  of  the  intenj?ities  of 
illumination  wliich  are  ol)tHin(Ml  in  car  li^htin<j,  with  the  sug^t^stion 
that  these  should  be  considerably  inere:used  in  line  with  the  in- 
creases in  intensities  in  other  lines  of  work. 

With  the  best  installations,  in  coaches  the  illumination  on  the 
horizontal  plane  will  l)e  about  four  foot,  candles,  and  on  the  45° 
reading  plane,  will  average  about  thre(»  foot  candles. 

In  sleeping  cars,  with  the  present  arrangement  of  lanij)s,  the 
light  on  the  45°  reading  plane  will  average  about  five  foot  candles. 
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These  values  are,  of  course,  lower  than  those  recommended  at 
present  for  the  lighting  of  offices  and  similar  rooms.  It  must  be 
considered,  however,  that  cars,  with  the  exception  of  the  baggage 
car,  postal  car,  and  kitchen  of  dining  or  business  cars,  are  not  used 
to  any  extent  for  work.  The  illumination  is  used  principally  for 
reading  for  short  spaces  of  time.  In  view  of  this  fact,  these  in- 
tensities of  illumination  seem  to  be  adequate.  The  intensity  ob- 
tained in  Pullman  cars  at  present  is  certainly  sufficient  for  any 
use  to  which  it  is  put. 

In  the  case  of  postal  cars,  the  horizontal  illumination  obtained 
with  the  new  installation  is  about  six  foot  candles,  although  the 
specifications  based  on  actual  tests  and  study  of  the  problem, 
allow  for  a  considerably  less  intensity  than  this. 

As  I  have  already  said,  the  amount  of  energy  available  for 
use  on  the  car  is  limited — therefore,  the  illumination  provided 
must  of  necessity  be  as  low  as  possible  and  still  be  adequate.  The 
illumination  obtained,  however,  from  the  best  practice  at  the 
present  time  appears  to  be  quite  adequate. 


ABSTRACT>S 

In  this  section  of  the  Transactions  there  will  be  used  (i)  abstracts  of 
papers  of  general  interest  pertaining  to  the  field  of  illumination  appearing  in 
technical  journals,  (2)  abstracts  of  papers  presented  before  the  Illuminating 
Engineering  Society,  and  (3)  notes  on  research  problems  now  in  progress. 

THE  FIRST  LOW  VOLTAGE  GAS  FILAMENT  LAMP* 


BT  D.   MCFARLAN  MOORE** 


SYNOPSIS:  For  many  years  all  luminosity  due  to  the  action  of  electricity  in  gasee  was 
associated  with  high  voltages.  The  light  between  the  two  terminal  electrodes  of  a  small  Geissler 
tube,  or  of  a  tube  lamp  such  as  used  in  the  Moore  long  tube  system,  is  positive  column  light, 
which  in  a  measure  accounts  for  its  much  greater  intensity  and  efficiency.  Several  years  ago  it 
was  found  that  luminosity  in  gases  could  be  produced  solely  by  voltages  as  low  as  i  lo,  but  it  waa 
a  negative  glow  light  of  low  intensity  that  surrounded  the  metal  electrodes  in  a  bulb  of  rarified 
neon  gas.  Although  the  ice  on  the  problem  was  broken  by  the  negative  glow  lamps,  there 
remained  the  far  more  difficult  problem  of  obtaining  positive  column  light  on  low  voltages.  This 
paper  announces  such  lamps,  and  contains,  also,  a  brief  resum6  of  the  history  of  gaseous  conduc- 
tion and  its  many  contacts  with  electrochemistry 


It  has  been  questionable  from  a  scientific  standpoint  whether 
or  not  it  would  ever  be  possible  to  obtain  a  positive  column  lamp 
which  will  start  and  run  on  potentials  less  than  220  volts,  but  such 
a  lamp  is  described  in  this  paper. 

The  basic  principles  upon  which  it  operates  are  such  that  hopes 
are  entertained  that  it  can  be  developed  into  a  new  and  very  useful 
light  source.  The  steps  loading  up  to  this  result  have  been  interest- 
ing, and  I  have  been  requested  to  touch  upon  some  of  the  high 
points  in  gaseous  conduction  lighting  and  keep  in  mind  the  various 
electrochemical  problems  involved. 

Large  tube  lighting  units  have  their  commercial  limitations, 
however,  whether  built  in  situ  or  in  portable  form,  so  that  once 

•Abatractrd  from  a  paprr  prci»ont«'<l  at  the  Forty-fourth  General  Meeting  of  the  American 
Electrochemical  Society,  Dayton,  Ohio,  September  37,  38  and  3o,  I93j. 

♦♦.Moore  Light  Dept.,  I'",(lim)n  I.iinipn  Worku  of  Ci.  K.  Co.,  Harrison,  N.  J. 

The  IlluminiilinK  MnKitieerinK  Sooiety  is  not  renponsiblo  for  the  stnteinentt  or  opinions 
a^lvanced  by  contributont. 
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more  the  desire  for  a  simple  bulb  form  of  electric  gas  lamp  became 
acute,  and  the  first  low  voltage  gas  lamp  already  referred  to  result- 
ed. However,  the  possible  candle-power  on  no  volt  from  such 
neon  corona  lamps  was  meager,  and,  therefore,  the  commercial 
possibilities  restricted. 

Higher  candle-powers  were  reached  in  another  new  type  of 
low  voltage  lamp*,  in  which  the  light  emanated  simultaneously 
from  three  sources:  (i)  the  neon  gas,  (2)  the  tungsten  arc,  and 
(3)  the  more  or  less  highly  heated  tungsten  electrodes. 

It  was  realized  that  if  a  positive  column  could  be  made  by  220 
or  no  volts  it  would  probably  have  long  life  due  to  the  small 
tendency  of  a  positive  column  to  blacken,  and  also  that  it  could  be 
made  bright  and  efficient.  But  with  ordinary  electrodes,  of  iron 
for  example,  220  volts  even  in  neon  gas  would  not  produce  any 
positive  column  light,  and  therefore  special  expedients  needed  to  be 
devised  that  were  simple,  that  is,  that  did  not  involve  the  use  of  a 
high  potential  transformer  or  other  auxiliary  apparatus.  Figure  i 
is  a  photograph  of  one  of  these  new  low  voltage  positive  column 
lamps,  that  is  immediately  applicable  to  any  220-volt  a.  c.  socket. 
Figure  2  indicates  its  construction  as  well  as  one  form  of  circuits 
that  involve  the  fundamental  principle  of  first  generating  in  a  short 
gap  the  electrons  needed  by  the  long  positive  column. 

The  line  potential  on  i  and  2,  which  are  attached  to  the  cylin- 
drical electrodes  4  and  5,  can  not  normally  produce  any  current  or 
any  light  through  the  long  positive  column  3 ;  but  there  is  provided 
the  electrode  6,  that  is  less  than  1/64  inch  from  4  and  it  is  connected 
to  a  similar  electrode  7,  so  that  the  2  20- volts  immediately  bridges 
the  gaps  6-4  and  7-5,  thereby  generating  electrons  which  then  cause 
the  2  20- volts  on  4  and  5  to  produce  a  bright  discharge  through  the 
positive  column  3.  One  of  the  definitions  of  the  word  filament  is 
''something  continued  in  a  long  course"  and  since,  when  viewed 
from  a  short  distance  such  a  positive  column  discharge  does  not 
look  unlike  the  carbon  filament  of  a  former  type  of  series  lamp,  the 
term  "gas  filament  lamp"  has  evolved  in  contra-distinction  to  a 
solid  filament  lamp.  It  will  be  noted  that  the  gas  filament  is 
confined  within  a  simple  curved  glass  tube  which  has  an  opening 
or  vent  at  its  center.    Since  the  bulb  is  supplied  with  neon  gas  at  a 

•A  low  voltage  self-starting  Neon  Tungsten  arc  incandescent  lamp.  Trana.  Am.  Inet. 
Elec.  Eng.  Sept.  26,  igai. 


nf 


m 


y 


Fio.  I — Moore  low  voltaRe  positive 
column  gaseous  conductor  lamp,  220  v. 


Fio.  3 — Moiirc  low  voltage  positive 
column  gaseous  conductor  lamp,  1 10  v. 
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Fin.  a — I,ow  voltutfo  (jjo  V.)  pimitivo 
rolumti  Ininp. 
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Fio.  4 — I.ow  voliaK*'  nio  v.)   poHitivo 
roluMin  lamp 
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pressure  of  about  20  mm.,  this  vent  not  only  tends  to  regulate 
automatically  the  gas  pressure,  within  the  filament  tube,  when  it  is 
warmed  by  the  discharge,  but  also  prevents  electrode  impurities, 
though  small,  from  seriously  affecting  the  gas  filament  conductivity. 
It  might  be  called  a  self-healing  or  self-repairing  conductor. 

Figure  3  is  a  photograph  of  such  an  experimental  gas  filament 
lamp  suitable  for  no  volts  and  Figure  4  is  a  diagram  of  its  con- 
struction and  circuits.  It  will  be  noted  that  in  the  2 20- volt  lamp 
there  are  two  ionizing  gaps  in  series,  and  in  the  no- volt  lamp  the 
gaps  of  each  electrode  are  in  multiple,  which  dispenses  with  all 
wasteful  positive  column  resistance.  A  large  number  of  modifica- 
tions of  both  circuits  and  electrodes  have  been  tried,  with  wattages 
varying  from  i  to  100. 

Life  tests  have  proven  that  some  of  these  lamps  have,  without 
appreciable  change,  run  for  over  400  hours.  But  it  is  not  claimed 
in  any  sense  that  this  new  type  of  lamp  has  reached  a  commercial 
stage.  This  paper  is  written  merely  as  a  means  of  recording 
scientific  advance  in  what  has  been  claimed  to  be  an  important 
direction.  Theory  seems  to  indicate  that  to  increase  materially 
the  luminous  efficiency  of  light  sources  in  general,  resort  should  be 
made  to  radiation  from  gases  electrically  agitated. 

Perhaps  the  exact  and  complete  theoretical  explanation  of  the 
action  of  these  lamps  is  not  now  known,  but  it  may  suffice  to  say 
that  at  a  definite  line  wattage  consumption,  a  given  lamp  may 
satisfactorily  operate  without  apparent  change  for  several  hundred 
hours,  yet  if  operated  at  about  30  per  cent  lower  watt?  its  positive 
column  will  cease,  due  to  lower  gas  pressure,  and  if  it  is  operated 
at  about  30  per  cent  higher  watts  its  positive  column  will  also 
cease,  but  due  to  too  high  gas  pressure.  These  actions  suggest  the 
query  whether  or  not  at  the  medium  wattage  there  is  going  on  a 
simple  consumption  of  the  electrode  material,  or  is  there  a  definite 
electrochemical  cycle  comparable  to  that  of  the  mercury  tube 
light. 


SOCIETY  AFFAIR>S 

THE  LAKE  GEORGE  CONVENTION 

"All  work  and  no  play  make  Jack  a  dull  boy"  apparently  was  one  of  the 
principles  followed  by  the  committee  in  charge  of  the  Seventeenth  Annual 
Convention  of  the  Illuminating  Engineering  Society  at  Lake  George,  Septem- 
ber 24th  to  28th.  The  Fort  William  Henry  Hotel  served  as  headquarters  to 
the  largest  assemblage  its  staff  has  ever  known.  Many  nearby  cottages  and 
smaller  hotels  were  called  upon  to  house  the  throng. 

An  elaborate  entertainment  program  alternated  with  the  many  business 
sessions  which  were  held  from  day  to  day.  Especial  pains  were  taken  to  pro- 
vide social  events  for  the  women  guests.  The  Glens  Falls  Country  Club  al- 
lowed free  use  of  its  privileges  to  the  delegates. 

A  business  session  was  held  Monday  afternoon  and  the  usual  procedure  of 
getting  acquainted  was  followed,  the  day  culminating  in  an  informal  dance  in 
the  hotel  at  night. 


THE  NIGHT  OF  LIGHT  AND  COLOR 

One  of  the  outstanding  features  of  the  session  was  a  lecture,  "Light", 
given  by  M.  Luckiesh,  of  the  National  Lamp  Works  of  the  General  Electric 
Company,  Cleveland,  at  which  time  he  introduced  a  special  lantern  for  illustrat- 
ing his  talk.  This  device  throws  a  kaleidoscopic  color  pattern  on  a  screen, 
constantly  changing  to  new  designs,  and  proving  of  invaluable  assistance  in 
developing  new  color  schemes.  Various  color  cylinders  are  inserted  in  the 
machine  and  the  resulting  designs  on  the  screen  will  not  duplicate  themselves  if 
the  apparatus  is  run  constantly  for  24  hours. 

The  lighting  and  fireworks  spectacle  the  night  of  September  25th  was  the 
grand  climax  of  the  convention.  Visitors  from  the  surrounding  country  up  to 
75  miles  away  poured  into  the  village  during  the  latter  part  of  the  afternoon 
and  early  evening  and  took  up  positions  on  the  shore  of  the  lake  for  miles  to 
view  the  display.  It  was  asserted  by  state  troopers  who  handled  the  traffic 
during  the  general  exodus  following,  that  only  with  the  greatest  difficulty  was 
the  string  of  automobiles  kept  moving,  hours  being  consumed  in  emptying 
the  region  of  visitors. 


THE  OUTDOOR  DISPLAY 

A  multicolored  lighting  and  fireworks  spectacle  designed  by  W.  D'Arcy 
Ryan  and  unequalled  since  the  Panama-Pacific  International  Exposition  was 
the  outstanding  feature  of  the  seventeenth  annual  convention  of  the  Illuminat- 
ing Engineering  Society  at  the  Fort  William  Henry  Hotel,  Lake  George,  N.  Y., 
September  24th  to  28th,  inclusive.  Over  300  members  and  guests  of  the 
Society  were  present  at  the  gathering,  and  it  is  estimated  over  50,000  viewed 
the  lighting  and  fireworks  display  the  night  of  the  25th. 
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Excursion  Boat — Tuesday  Afternoon  Session 
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Searchlight  Battery 


Fusing  Sky-Rocket  Battery 


Fireworks— Night  of  Light  and  Color 
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For  a  number  of  days  previous  to  the  opening  of  the  Convention,  workmen 
and  engineers  were  busy  arranging  the  spectacular  light  and  color  effects  which 
were  introduced.  This  work  was  carried  on  under  the  general  direction  of  W. 
D'Arcy  Ryan,  Chairman  of  the  Convention  Committee,  and  his  assistants.  A 
well-drilled  corps  of  about  50  men  was  required  to  operate  the  many  search- 
lights, colored  torches,  lanterns  and  fireworks  which  were  utilized.  Set  pieces, 
mortars  for  discharging  bombs,  rockets  and  red  fire  were  included  in  the 
pyrotechnic  display. 

The  trees  and  shrubbery  about  the  hotel  and  grounds  were  gorgeously 
illuminated  by  colored  searchlights  placed  in  advantageous  positions,  various 
shades  and  hues  enchancing  the  natural  beauty  and  form  of  the  growth.  One 
tree,  bathed  in  rainbow  tints  by  searchlights  placed  directly  beneath,  was  an 
example  of  unusual  chromatic  beauty.  It  was  in  this  work  that  Mr.  Ryan 
excelled  himself  and  more  than  sustained  his  reputation  gained  in  the  past  for 
splendid  effects  of  this  nature.  Torches  were  placed  along  the  paths  and 
colored  lanterns  hung  in  the  groves.  A  jeweled  emblem  of  the  society,  bedecked 
with  glass  pendants  and  brilhantly  illuminated  by  a  single  powerful  beam  from 
one  of  the  largest  searchlights  in  use,  formed  a  point  of  splendor  in  the  trees. 

This  light  and  color  combination  on  the  grounds  of  the  hotel  formed  the 
introduction  to  the  fireworks  display  which  followed.  It  was  during  the  ex- 
hibition that  there  was  called  into  use  the  famous  Ryan  color  scintillator  which 
was  so  successful  at  the  San  Francisco  exposition.  A  dozen  beams  from  as 
many  searchlights,  varied  and  changing  in  hue,  formed  designs  of  unusual 
beauty  both  on  the  clouds  of  smoke  formed  from  the  bursting  bombs  and 
fireworks,  and  with  the  aid  of  steam  especially  generated  for  the  purpose.  To 
this  end,  a  Delaware  and  Hudson  R.  R.  locomotive  was  utilized.  Some  of 
the  effects  gained  in  this  manner  were  "Aurora  Borealis,"  "Fighting  Serpents 
and  Chromatic  Wheel,"  "Beam  Drill,"  "Plumes  of  Paradise,"  "Spooks' 
Parade"  and  "Devil's  Fan." 

Another  feature  of  the  pyrotechnic  program  was  the  use  of  twelve-inch 
Ryan  electric  shells,  which  are  among  the  largest  ever  used  in  such  disjilays. 
The  release  of  these  and  others  ranging  down  to  four  inches  in  diameter  was 
made  from  a  total  of  150  mortars  arranged  upon  the  steamship  dock.  Float- 
ing figures  of  animals,  parachutes  and  flag.s  wore  released  from  some  of  the 
bursting  bombs.  These  wen;  picked  up  by  the  many-colored  searchlights  and 
their  descent  illuminated. 


The  Convention  Banquet  was  held  on  Thursday  evening  at  which  General 
George  II.  Harries  officiated  as  toastmastcr.  The  main  address  was  given  by 
Mr.  Laurence  A.  Hawkins  of  the  Research  Laboratory  of  the  (loneral  I.lectric 
('omi)any. 

One  of  the  most  plcjusuDt  siirprise.s  at  the  l):ui(juet  wa.s  the  pre.'^eiitntion 
of  the  Pa«t- President  Badge  to  those  Past-Preaident.s  of  the  Society  in  fttt<»nd- 
ance  at  the  Convention.  This  badge*  is  the  regular  design  of  the  ineuiluT 
badge  and  is  made  in  gold  with  no  (Mianiel. 
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CLEVELAND  AGAIN  WINS  ATTENDANCE  PRIZE 

The  customary  feature  of  the  annual  banquet  was  observed  in  the  pre- 
sentation of  the  traveling  gavel  to  the  Cleveland  Chapter  by  Mr.  D.  McFarlan 
Moore  for  the  largest  representative  attendance  at  the  Convention.  Mr. 
E.  W.  Commery  accepted  the  award  in  a  fitting  manner. 


SECTION  ACTIVITIES 

LOS  ANGELES  CHAPTER 

At  a  meeting  of  the  members  of  the  Illuminating  Engineering  Society  held' 
at  the  Alexandria  Hotel,  Los  Angeles,  on  September  24,  the  following  officers 
were  elected  for  the  j^ear  1923-24  for  the  new  Los  Angeles  Chapter  of  this 
Society:  Chairman:  David  C.  Pence,  Manager  of  the  Illuminating  Dept. 
Illinois  Electric  Company,  Los  Angeles;  Secretary-Treasurer:  J.  F.  Anderson, 
Illuminating  Engineer,  Southern  California  Edison  Company,  Los  Angeles; 
Directors:  F.  S.  Mills,  Western  Representative  of  the  National  X-Ray 
Reflector  Company,  Los  Angeles;  Herbert  J.  Mayo,  Sales  Engineer,  Ben- 
jamin Electrical  Manufacturing  Company,  Los  Angeles;  Walter  A.  Alden, 
Interior  Lighting  Engineer,  Westinghouse  Electric  &  Manufacturing  Com- 
pany, Los  Angeles. 


COUNCIL  NOTES 


ITEMS  OF  INTEREST 


At  the  meeting  of  the  Council,  September  27,  1923,  the  following  were 
elected  to  membership: 

Four  Members 

Fales,  Thomas  C,  President,  Dedham  &  Hyde  Park  Gas  &  Electric  Light  Co., 

60  Congress  Street,  Boston,  Mass. 
LooMis,  Franklin  Wells,  Illuminating  Engineer,  Duquesne  Light  Co.,  435 

Sixth  Avenue,  Pittsburgh,  Pa. 
ToENSFELDT,  Ralf  Thomas,  Chief  Electrical  Engineer,  Dept.  Pubhc  Utihties, 

City  of  St.  Louis,  Mo. 
WiLLCOX,   Francis  Wallace,  Manager,  Internatipnal  General  Electric  Co. 

120  Broadway,  New  York,  N.  Y. 

Eighteen  Associate  Members 
BiSHOFF,  Alexander,  Assistant  Examiner  in  U.   S.   Patent  Office,  Art  of 

Illumination,  1607  East  Capitol  Street,  Washington,  D.  C. 
CiAMPi,  GuiDO,  Electric  Engineer,  Compagnia  Generale  di  Elettricita,  Milano, 

Italy,  International  General  Electric.  Co.,  Schenectady,  N.  Y. 
DoANE,  Leroy  C,  Engineer,  Ivanhoe  Regent  Works  of  General  Electric  Co., 

5716  Euclid  Avenue,  Cleveland,  Ohio. 
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Graves,  Roy  Martin,  Testing  Engineer,  Commonwealth  Edison  Co.,  28 

North  Market  Street,  Chicago,  111. 
Hail,  Joseph  C,  Deputy  Commissioner,  Dept.  of  Gas  and  Electricity,  City 

Hall,  Chicago,  111. 
Herr,  R.  D.,  Interior  Lighting  Engineer,  Westinghouse  Electric  &  Mfg.  Co., 

1704  Union  Bank  Bldg.,  Pittsburgh,  Pa. 
HiLLis,   Arthur   W.,    Lighting   Specialist,   Western   Electric   Co.,   Kirby  & 

Dequindre  Sts.,  Detroit,  Mich. 
Holland,  E.  J.,  Sales  Manager,  Consolidated  Lamp  and  Glass  Co.,  Corao- 

polis,  Pa. 
Holmes,  Percy  R.,  Engineer,  National  Lamp  Works  of  G.  E.  Co.,  Nela  Park. 

Cleveland,  Ohio. 
Olson,  Melvin  E.,  Salesman,  National  Lamp  WorLs  of  G.  E.  Co.,  Buckeye 

Division,  181 1  East  45th  St.,  Cleveland,  Ohio. 
Plumb,  Hylon  T.,  Intermountain  Engineer,  General  Electric  Co.,  720  New- 
house  Bldg.,  Salt  Lake  City,  Utah. 
Rambusch,  Harold,  Rambusch  Decorating  Co.,  2  West  45th  St.,  New  York, 

N.  Y. 
Rannenberg,  K.  S.,  Deputy  Supt.,  Street  Lighting  Dept.  of  Streets  &  Engi- 
neering, Room  410,  Municipal  Bldg.,  Springfield,  Mass. 
Schumacher,  Rudolph,  Jr.,  Lighting  Specialist,  960  Anderson  Ave.,  Bronx, 

New  York  CitJ^ 
Swackhamer,  Robert  J.,  Assistant  Illuminating  Engineer,  General  Electric 

Co.,  Schenectady,  N.  Y, 
Weaver,  K.  S.,  Experimental  Illuminating  Engineer,  Westinghouse  Lamp  Co., 

Clearfield  Avenue,  Bloomficld,  X.  J. 
Williams,  Harry  E.,  Illuminating  Dept.,  Empire  Gas  &  Electric  Co.,  103 

Castle  Street,  Geneva,  N.  Y. 
YouTZ,  J.  Paul,  Electric  Engineer,  General  Electric  Co.,  Schenectady,  N.  Y. 

Other  Changes  in  Membership 

One  Associate  Member  Reinstated 

Gleason,  Homer  E.,  Cascade  Fixture  Co.,  1720  Yale  Avenue,  Seattle.  Wn>h 


The  G(!n(!nil  Socrotary  reported  the  death,  on  August  13,  1923,  of  one 
associate  member,  George  V.  Strahan,  Mitchell  Vance  Co.,  Inc.,  507  West 
24th  St.,  New  York,  N.  Y. 


CONFIRMATION  OF  APPOINTMENTS 

As  Chairman  of  the  Committre  on  Finance — Adolph  Hertz. 

As  Chairman  of  (hr  Committer  on  I*aj>er8 — A.  L.  I'owcII. 

Aa  Chairman  of  the  Committee  on  Editing  and  Vuhlication — Norman  I).  Mac- 
donaid. 

i4.s  Chnirman  of  the  (\)vimitlrr  on  lA{]l\tin<j  Legislation-   Louis  \\.  Marks. 
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As  Chairman  of  the  General  Board  of  Examiners — Leonard  J.  Lewinson. 
As  Chairman  of  the  Committee  on  Membership — G.  Bertram  Regar. 
As  Chairman  of  the  Committee  to  Co-operate  with  Fixture  Manufacturers — 
,     M.  Luckiesh. 

As  Chairman  of  the  Committee  on  Research — Ernest  Fox  Nichols. 
As  Chairman  of  the  Committee  on  Progress — Francis  E,  Cady. 
As  Chairman  of  the  Committee  on  Nomenclature  and  Standards — E.  C.  Crit- 
tenden. 
As  Chairman  of  the  Committee  on  Motor  Vehicle  Ldghting — Clayton  H.  Sharp. 


At  the  meeting  of  the  Council,  October  1 1,  1923,  the  following  were  elected 
to  membership: 

One  Member 

Pierce,  Elmer  S.,  Principal,   Seneca  Vocational  School,  787  Seneca  St., 
Buffalo,  N.  Y. 

Five  Associate  Members 

Bernhard,  Lester  S.,  Student,  Ohio  State  University,  92  Chittenden  Ave., 

Columbus,  Ohio. 
Boyd,  George  M.,  Westinghouse  Elec.  &  Mfg.  Co.,  George  Cutter  Works, 

South  Bend,  Indiana. 
Buller,  C.  S.,  Westinghouse  Elec.  &  Mfg.  Co.,  426  Marietta  St.,  Atlanta,  Ga. 
Chapman,  A.  J.,  Electrical  Development  &  Equipment  Co.,  180  West  Lake 

St.,  Chicago,  Illinois. 
Holt,  Thomas  T.,  President,  The  Skybryte  Co.,  iioo  Keith  Bldg.,  Cleveland, 

Ohio. 


CONFIRMATION  OF  APPOINTMENTS 

As  members  of  the  Council  Executive  Committee: 

Clarence  L.  Law,  Chairman;  Louis  B.  Marks,  Samuel  G.  Hibben,  Preston 
S.  Millar  and  H.  F.  Wallace. 

As  members  of  the  Committee  on  Finance: 
H.  F.  Wallace  and  Frank  R.  Barnitz. 

As  members  of  the  Committee  on  Papers: 

R.  W.  Shenton,  Vice-Chairman,  Julius  Daniels,  George  C.  Cousins,  N.  D. 
Macdonald,  H.  H.  Higbie,  E.  C.  Crittenden,  H.  P.  Gage,  F.  C.  Taylor, 
J.  L.  Stair  and  R.  H.  Maurer. 

As  members  of  the  General  Board  of  Examiners: 
G.  Bertram  Regar  and  H.  V.  Bozell. 

As  members  of  the  Committee  on  Membership: 

J.  F.  Anderson,  C.  A.  Atherton,  W.  T..  Blackwell,  Frederick  W.  Bliss,  R.  I. 
Brown,  James  E.  Buckley,  W.  E.  Clement,  George  G.  Cousins,  E.  C. 
Crittenden,  J.  Daniels,  Henry  D'Olier,  Jr.,  J.  Carl  Fisher,  H.  W.  Fuller, 
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H.  E.  Hobson,  M.  C.  Huse,  Karl  E.  Kilby,  James  D.  Lee,  Jr.,  F.  W. 

Loomis,  H.  E.  Mahan,  Charles  C.  Munroe,  John  A.  O'Rourke,  S.  L.  E. 

Rose,  H.  H.  Smith,  J.  L.  Stair,  L.  A.  S.  Wood. 
As  members  of  the  Committee  on  Lighting  Legislation: 

W.  F.  Little,  W.  T.  Blackwell,  F.  C.  Caldwell,  George  S.  Crampton,  H.  B. 

Dates,  E.  Y,  Davidson,  Jr.,  J.  E.  Hannum,  Ward  Harrison,  S.  G.  Hibben, 

J.  E.  Hoeveler,  James  E.  Ives,  M.  G.  Lloyd,  M.  Luckiesh,  R.  H.  Maurer, 

A.  S.  McAllister,  E.  G.  Perrot,  W.  J.  Sherrill,  R.  E.  Simpson,  George  H. 

Stickney,  R.  C.  Taggart. 
As  Chairman  of  the  Committee  on  Sustaining  Members:  Herbert  F.  Wallace. 
As  members  of  the  Committee  on  Nomemclature  and  Standards: 

Howard  Lyon,  Secretary,  G.  A.  Hoadley,  E.  P.  Hyde,  A.  E.  Kennelly,  M. 

Luckiesh,  C.  O.  Mallioux,  A.  S.  McAllister,  E.  C.  McKinnie,  C.  H.  Sharp, 

W.  J.  Serrill,  G.  H.  Stickney. 
As  Chairman  of  the  Committee  on  New  Sections  and  Chapters:  D.  McFarlan 

Moore. 
As  Vice-Chairman  of  the  Committee  on  Motor  Vehicle  Lighting:  G.  H.  Stickney. 
As  Secretary  of  the  Committee  on  Motor  Vehicle  Lighting:  W.  F.  Little. 

As  Local  Representatives: 

G.  O.  Hodgson,  Denver,  Colo.,  Charles  F.  Scott,  New  Haven,  Conn., 
J.  Arnold  Norcross,  New  Haven,  Conn.,  R.  E.  Simpson,  Hartford,  Conn., 
R.  B.  Patterson,  Washington,  D.  C,  E.  C.  Crittenden,  Washington, 
D.  C,  Charles  A.  Collier,  Atlanta,  Ga.,  W.  R.  Putnam,  Boise,  Idaho, 
H.  B.  Heyburn,  Louisville,  Ky.,  J.  F.  Murray,  Springfield,  Mass.,  Carl  D. 
Knight,  Worcester,  Mass.,  Charles  C.  Monroe,  Detroit,  Mich.,  G.  D. 
Shepardson,  Minneapolis,  Minn.,  Louis  D.  Moore,  St.  Louis,  Mo., 
Frank  C.  Taylor,  Rochester,  N.  Y.,  Harsvood  E.  Mahan,  Schenectady, 
N.  Y.,  A.  M.  Wilson,  Cincinnati,  Ohio,  W.  E.  Richards,  Toledo,  Ohio, 
F.  H.  Murphy,  Portland,  Oregon,  F.  A.  Gallagher,  Providence,  R.  I., 
J.  M.  Bryant,  Austin,  Texas,  W.  S.  Rodman,  Charlottesville,  Va.,  Fred 
A.  Osborn,  Seattle,  Wash.,  F.  A.  Vaughn,  Milwaukee.  Wis.,  L.  V.  Webber, 
Montreal,  Canada. 

As  Official  Representatives  to  other  Organizations: 

The    United  States    National  Covimittee  of  the  International   Commission  on 
Illumination — Louis  B.  Marks  and  Preston  S.  Miller. 

American  Institute  of  Electrical  Engineers  Standards  Committee — Clayton  II. 
Sharp. 

Covcrning  Board  of  the  Aimrictm  Association  for  the  Adrancrmcnt  of  Science — 
]'>ru'.st  F.  Nichol.s  and  Clayton  II.  Sharp. 

Advisory  Committee,  Engineering  IHvuiion,  National  Research  Council — Dugakl 
C.  Jackson. 

A.  E.  .S'.  C.  Sectional  Committve,  Building  Exits  Code — R.  10.  Simpson. 

New  York  State  Comviittvr  on  Blacis  of  Buhlic  Assembly — George  H.  Stickney. 
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CHARLES  PROTEUS  STEINMETZ 


By  E.  W.  Rice,  Jr. 


The  sudden  death  of  Doctor  Steinmetz  comes  as  a  great  shock  to  his  friends 
in  the  General  Electric  organization,  including  the  directors,  officers  and  every 
employe.  He  joined  our  ranks  some  thirty  years  ago  and  during  all  this  time 
has  rendered  services  of  the  most  conspicuous  character  and  extraordinary 
value.  He  had  a  world  wide  reputation  as  a  scientist,  electrical  engineer,  author 
and  teacher.  He  was  as  well  known  in  Europe,  South  America,  Africa,  Aus- 
tralia and  the  Orient  as  here  in  his  adopted  America.  Universally  acknowl- 
edged as  one  of  the  world's  greatest  scientists,  he  was,  if  possible,  a  greater 
teacher.  He  was  the  author  of  many  scientific  papers  and  of  a  large  number  of 
electrical  books  which  have  long  been  the  accepted  standard  text  books  in 
colleges,  laboratories  and  workshops  everywhere.  He  possessed  marvelous 
insight  into  all  scientific  phenomena  and  unequalled  ability  to  explain  in  simple 
language  the  most  difficult  and  abstruse  problems.  Countless  electrical 
engineers  now  occupying  positions  of  great  importance  in  our  Company  and 
elsewhere  in  the  world,  will  gladly  give  testimony  of  their  debt  to  him.  All 
those  who  knew  him  mourn  the  loss  not  onlj'^  of  a  great  teacher  and  an  inspiring 
personality,  but  of  a  cheerful  and  ever  helpful  friend. 


THE  DEATH  OF  DR.  STEINMETZ 

Charles  P.  Steinmetz,  A.  M.  Ph.  D.,  chief  consulting  engineer  of  the 
General  Electric  Company,  and  one  of  the  world's  most  famous  engineers, 
died  suddenly  at  his  home  in  Schenectady,  N.  Y.,  October  26,  from  acute 
dilatation  of  the  heart  following  chronic  myocarditis,  a  weakening  of  the  heart 
muscles,  of  many  years  standing. 

Dr.  Steinmetz  left  Schenectady  the  first  of  September  intending  to  take  a 
rest.  He  wanted  to  see  the  Pacific  Coast,  which  he  had  never  visited.  Word 
of  his  trip  sped  ahead  of  him,  and  requests  that  he  speak  at  various  places 
immediately  resulted.  His  speaking  arrangements  were  carefully  made,  but  so 
many  wished  to  hear  him  that  in  trying  to  comply  he  overtaxed  himself. 
That  this  was  the  cause  of  his  death  is  not  certain,  however,  owing  to  the 
nature  of  his  malady. 

He  returned  home  September  13th  and,  an  examination  by  his  physician 
disclosing  the  fact  that  his  heart  action  was  unsteady,  a  complete  rest  was 
advised.  During  the  first  part  of  the  week  in  which  he  died,  his  condition 
seemed  to  be  improving.  He  had  been  about  the  house  and  on  Thursday  night 
declared  he  was  beginning  to  feel  like  himself  again.  The  night  before  he  died 
he  was  dressed  and  passed  the  evening  in  his  library,  discussing  with  his  adopted 
son,  J.  LeRoy  Hayden,  and  some  friends,  a  scientific  book,  "The  Physics  of 
the  Air."  He  was  bright  and  cheerful  and  remarked  that  he  would  soon  be  out 
again  and  at  work.  He  retired  about  10:30,  and  awoke  the  following  morning 
in  the  best  of  spirits.  He  walked  up  and  down  the  hall  and  announced  to  the 
nurse  that  he  was  ready  for  breakfast.  Mr.  Hayden  was  with  him  for  a  few 
minutes,  chatting,  before  he  went  down  to  his  own  breakfast.    As  Mr.  Hayden 
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went  down  stairs,  he  passed  his  son,  "Billy"  Hayden,  who  was  on  his  way  up- 
stairs with  Dr.  Steinmetz's  breakfast.  Calling  to  the  latter,  young  Hayden 
received  no  response,  and  immediately  summoned  his  father.  Physicians 
hurried  to  the  Steinmetz  home,  but  he  was  dead. 

Word  was  immediately  sent  to  the  General  Electric  Works  and  the  news 
spread  throughout  the  city,  causing  great  sorrow,  for,  in  addition  to  their 
admiration  for  his  scientific  attainments,  his  fellow  citizens  held  him  in  high 
personal  esteem.  Flags  at  the  General  Electric  Works  and  in  the  city  were 
half-masted,  the  latter  by  order  of  the  acting  mayor. 


Charles  Proteus  Steinmetz  was  born  April  9,  1865,  at  Breslau,  Germany. 

Educated  at  the  gymnasium  (high  school)  and  then  at  the  University  of 
Breslau,  where  he  studied  mathematics  and  astronomy',  then  physics  and 
chemistry,  and  finally,  for  a  short  time,  medicine  and  national  economy. 

Involved  in  the  social  democratic  agitation  against  the  government,  he 
escaped  to  Switzerland  in  1888,  and  there  studied  mechanical  engineering  at 
the  Polytechnisum. 

In  1889  he  immigrated  to  America,  and  found  a  position  with  the  Osterheld 
&  Eicheme3'er  Manufacturing  Company,  first  as  draftsman,  then  as  electrical 
engineer  and  designer,  and  finally  on  research  work  in  charge  of  the  Eichemeyer 
Laboratory,  in  New  York. 

With  the  absorption  of  the  Eickemcyer-Field  interest  by  the  General 
Electric  Company,  Dr.  Steinmetz  joined  the  latter,  was  attached  to  Mr. 
H,  F.  Parshall's  calculating  department  in  Lynn,  Mass.  With  the  transfer  of 
the  company's  headquarters  to  Schenectady  in  the  spring  of  1894,  Dr.  Stein- 
metz organized  and  took  charge  of  the  calculation  and  design  of  the  Company's 
apparatus  and  of  the  research  and  development  work. 

For  a  number  of  years  Dr.  Steinmetz  was Profossorof  Electrical  Engineering 
at  Union  College,  and  at  the  present  time  is  Professor  of  Electro-Physics  at 
Union  University,  at  the  same  time  retaining  his  connection  with  the  General 
Electric  Company  as  chief  consulting  engineer,  and  about  the  year  19 10  again 
entered  into  closer  relation  with  this  company  by  organizing  a  consulting 
engineering  department  under  his  charge. 

Some  of  the  more  important  of  his  publications  and  articles  are: 

A  series  of  mathematical  papers  on  Polydimentionul  involutory  correspond- 
ence. 

A  series  of  investigations  on  the  magnetic  circuit  and  the  law  of  hysteresis. 

A  series  of  investigations  on  dich'ctric  and  ch^ctrostatic  plicnonicna. 

A  8f!rieHof  papers  on  "'riu*  Design  and  Performance  of  Electrical-Apparatus," 
such  as  transformers,  induction  machines,  synchronous  machines,  comniutat- 
ing  machines,  etc." 

A  series  of  papers  on  "Hi^h  I'Veciuency  Oscillations  iuu\  Surgi>s  in  I'-lectric 
Circuits." 

A  series  of  papers  on  "Radiation,  Light  and  Illumination," 

A  series  of  i)!iperson  "Mechanicil  'rh<»rnio«lynnniics  and  Stt'jiin  Turbines." 

MoHt  of  his  papers  on  electrical  subjects  are  published  in  the  Tuansao- 
TiONH  of  the  A.  E.  E.  E. 
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The  following  books  have  been  published  by  Dr.  Steinmetz :  A  popular 
work  on  "Astronomy  and  Meteorology,"  in  the  German  Language,  ist  edition 
1889. 

"Theory  and  Calculation  of  Alternating  Current  Phenomena,"  ist  edition 
1897,  5th  edition  19 16. 

"Theoretical  Elements  of  Electrical  Engineering,"  ist,  edition  1901,  4th 
edition  19 16. 

"General  Lectures  on  Electrical  Engineering,"  ist  edition  1908,  5th  edition 
1911. 

"Theory  and  Calculation  of  Transient  Electric  Phenomena  and  Oscilla- 
tions," 1909,  3rd  edition  19 19. 

"Radiation,  Light  and  Illumination,"  ist  edition  1911,  2nd  edition  191 5. 

"Electric  Discharges,  Waves  and  Impulses,  "ist  edition  191 1,  end  edition 
1914. 

"Electrical  Engineering  Mathematics,"  ist  edition  191 1,  2nd  edition  1915- 

"Theory  and  Calculation  of  Electric  Circuits,"  19 17. 

"Theory  and  Calculation  of  Electrical  Apparatus,"  1917. 

In  1902,  Dr.  Steinmetz  received  the  honorary  A.M.  degree  from  Harvard 
University,  1903  the  honorary  Ph.D.  degree  from  Union  College. 

Dr.  Steinmetz  is  Past-President  of  the  National  Association  of  Corporation 
Schools,  Vice-President  of  the  International  Association  of  Municipal  Electri- 
cians, Past-President  of  the  American  Institute  of  Electrical  Engineers,  honor- 
ary member  of  the  National  Electric  Light  Association,  Past-President  of  the 
Illuminating  Engineering  Society,  fellow  of  the  American  Association  for  the 
Advancement  of  Science,  member  of  the  (British)  Institution  of  Electrical 
Engineers,  member  of  the  American  Mathematical  Society,  the  Quaternion 
Society,  the  Society  of  Mechanical  Engineers,  the  Electrochemical  Society, 
the  Illuminating  Engineering  Society,  and  the  Physical  Society. 

He  was  a  President  of  the  Common  Council  and  twice  President  of  the 
Board  of  Education  of  the  City  of  Schenectady. 
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TRANnSACTION^ 

OF  THE 

ILLUMINATING  ENGINEERING  SOCIETY 

Vol.  XVIII  November,  1923  No,  9 

Are  Present  Standards  of 

Industrial  Lighting  Efficient? 

IT  IS  TRUE  that  any  illuminating  engineer  can  point  out  several 
lighting  installations  in  factories  where  the  illumination  can  be 
fairly  said  to  be  not  only  well  planned  but  adequate,  according  to 
our  present  judgment.  Nevertheless  taking  plant  by  plant  and 
judging  each  plant  as  a  whole  rather  than  by  the  best  in  each 
plant,  it  becomes  apparent  that  there  is  much  to  be  done  before 
lighting  can  be  called  satisfactory.  In  the  same  factory  or  in 
adjoining  buildings  there  usually  can  be  found  one  or  several 
miserable  examples  for  ready  contrast. 

The  physical  laws  governing  Hght  and  illumination  were  quite 
adequately  set  down  many  years  ago.  It  must  be  confessed,  how- 
ever, that  in  spite  of  dozens  of  volumes  and  hundreds  of  articles  in 
the  technical  press,  the  practical  application  of  the  principles  of 
vision,  such  as  the  effect  of  different  qualities  and  quantities  of 
illumination  upon  sipjht  and  u|)()n  the  comfort  and  health  and  sus- 
tained efficiency  in  production  have  not  been  so  clearly  understood 
or  emphasized  even  by  those  engagcnl  in  tlu^  sah^  of  lamps  and 
lighting  equipment. 

In  recent  years  the  scientific  group  liave  seemed  to  have  taken 
an  increas(Ml  intcicst  in  tho  prMftical  problems  of  lighting,  and  we 
have  seen  as  a  result  pajxTs  from  tliem  in  the  Transactions  of  the 
Society  with  a  sjx'cial  uscfuhicss  from  tlu>  view  point  (^f  iiractice. 
Then  the  piactic.'il  experimenters  iti  shops  have  been  Mpplxini!;  a 
greater  eaic  in  llieir  studies  of  (lie  elTeets  of  (litTer(>nt.  sys((Mns  of 
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lighting  under  conditions  of  actual  production.  There  is  becoming 
available,  therefore,  an  increasing  fund  of  solid  information  as 
against  speculation  and  snap  judgment  to  guide  practice. 

And  it  would  seem  that  the  most  important  facts  that  have 
been  developed  are  of  apparently  a  rather  simple  and  obvious 
character. 

For  instance,  it  is  not  hard  to  believe  and  seems  to  be  sub- 
stantiated, that  for  all  around  purposes,  industrial  illumination 
roughly  approximating  natural  dayHght  in  color  combines  the 
largest  advantages  io  quickness  and  accuracy  of  sight  and  sustained 
comfortable  vision,  while  conducing  to  a  cheerful  atmosphere. 
Other  colors  have  advantages  for  special  purposes  no  doubt,  but 
an  error  seems  to  have  been  often  made  in  appljdng  the  results  of 
special  experiments  to  the  broadest  run  of  conditions. 

Next,  light  to  man  is  a  great  deal  like  air — there  can  hardly  be 
too  much  of  it  unless  applied  in  a  violent  or  unnatural  manner. 
There  has  been  so  much  of  confusion  of  glare  with  quantity  of  illum- 
ination, many  have  observed  bare  glaring  lamps  and  have  con- 
cluded that  the  quantity  of  light  must  be  kept  low  to  avoid  dis- 
comfort or  even  injury.  Practically  it  appears  that  there  is  no  limit 
other  than  cost  to  the  quantity  of  Hght  that  is  useful  in  industry. 

It  is  to  be  noted  that  with  higher  levels  a  certain  amount  of  care 
to  diffuse  the  light  reasonably  becomes  the  more  essential.  But 
also  where  the  higher  levels  can  be  obtained  less  need  is  felt  for 
special  arrangements  of  the  lighting  equipment. 

Predictions  are  venturesome  but  there  seems  good  reason  to 
believe  that  in  the  next  decade  installations  providing  well  diffused 
illumination  of  the  order  of  25  or  30  foot-candles  will  become  as 
common  as  10  foot-candles  are  today.  No  illumination  produc- 
tion efficiency  tests  yet  conducted  have  been  carried  to  a  level  so 
high  that  the  added  cost  of  light  has  overbalanced  the  gain  in 
production  efficiency.    Is  this  not  something  for  thought? 

Earl  A.  Anderson 


REFLECTIONS 

When  Daylight  Costs  More  Than  Artificial  Light 

TN  IMAGINATION  one  needs  to  look  backward  only  a  century 
-*-  to  reach  a  period  of  inadequate  artificial  light  from  candles  and 
other  feeble  flames,  when  hght  cost  fifty  times  more  than  it  does 
now.  During  that  century  development  gradually  gained  momen- 
tum until  within  the  last  score  of  years  the  possibilities  of  artificial 
light  have  increased  so  rapidly  that  the  general  public  has  not  been 
able  to  keep  pace  with  them.  Proper  and  adequate  lighting  is  just 
as  essential  to  human  progress  as  clean  and  sufficient  air.  The 
public  has  a  pretty  full  appreciation  of  the  hygienic  value  of  fresh 
air.  The  airtight  bedchambers  of  a  century  ago  have  given  way  to 
ventilated  rooms,  but  the  old  attitude  toward  lighting —  a  most 
natural  inheritance  of  centuries  of  costly  and  inadequate  artificial 
light — persists  far  too  tenaciously.  This  attitude  cannot  be  changed 
too  soon  in  the  interests  of  greater  production,  greater  safety, 
greater  efficiency  and  greater  progress.  Human  eyes  are  the  prod- 
uct of  countless  centuries  of  adaptation  to  daylight  intensities  which 
are  more  than  a  thousand  times  greater  than  artificial  lighting 
intensities  generally  but  erroneously  considered  sufficient.  The 
psycho-physiological  laws  of  vision  are  proof  of  this,  and  they  are 
well  supported  by  the  results  from  installations  of  good  lighting. 

There  is  another  interesting  argument  to  bo  dcMived  from  recent- 
ly published  investigations  (by  M.  Luckiesh  and  L.  L.  Holladay) 
on  the  cost  of  daylight.  Daylight  is  free  outdoors  when  it  is  avail- 
able at  all.  By  coming  indoors  mankind  created  conditions  which 
not  only  decreased  llic  intensity  available  for  indoor  activities  but 
removed  daylight  from  the  fn^^  list.  These  inv(\stigations  have 
shown  that  l)y  charging  to  (hiyhglit  th(^  additional  cost  of  window 
and  skyhghts,  their  maintenance,  the  additional  heat  losses,  etc.,  nat- 
ural lighting  costs  as  much  as  and  in  many  cases  more  than  good 
artificial  lighting.    Owing  to  the  growing  complexity  of  our  ('conom- 
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ic  life  such  investigations  cannot  be  ignored.  The  results  are 
bound  to  have  their  influence  on  building  in  congested  districts 
and  perhaps  on  others. 

However,  without  entering  into  a  discussion  of  the  economic 
phases,  the  central-station  company  and  others  interested  in 
lighting  progress  should  find  much  use  for  the  knowledge  that  day- 
hght  indoors  costs  as  much  as  artificial  lighting.  In  order  that  the 
people  shall  enjoy  proper  and  adequate  lighting  they  must  be 
relieved  of  the  inhibiting  attitude  that  artificial  light  is  costly. 
That  it  is  a  very  inexpensive  necessity,  or  that  its  cost  is  insignifi- 
cant as  compared  with  its  benefits,  can  be  proved  by  actual  data. 
But  oftentimes  an  indirect  argument  is  more  effective.  The  simple 
statement  that  daylight  in  homes,  offices  and  factories  costs  as 
much  as  proper  and  adequate  artificial  lighting,  and  sometimes 
more,  is  startling,  true  and  convincing — three  excellent  character- 
istics for  statements  made  for  an  educational  purpose — Editorial, 
Electrical  World,  Nov.  3,  1923. 


1 


Incandescent  Lamps  Forty-four  Years  Old 

"^HE  incandescent  electric  lamp  has  just  celebrated  its  44th 

birthday.  On  October  21,  1879,  the  first  carbon  filament  lamp 
was  perfected  by  Edison  in  his  little  Menlo  Park  laboratory,  but 
three  years  later,  when  the  first  electric  central  station  in  the  world 
was  started  in  New  York  City,  there  were  not  enough  electric 
lamps  in  the  world  to  light  a  modern  office  building. 

In  1 88 1,  when  the  commercial  manufacture  of  lamps  was 
begun,  30,000  were  produced.  Last  year  the  total,  for  the  United 
States  alone,  was  more  than  500  million. 

Research,  experiment  and  improved  manufacturing  methods 
have  worked,  with  decreasing  prices  of  current,  to  bring  the  cost  of 
electric  light  to  the  consumer  to  a  point  lower  than  it  has  ever  been 
before. 

With  the  use  of  tungsten  filaments  in  1907,  there  began  an 
improvement  in  electric  lamps  that  has  continued,  until  the  40-watt 
lamp  of  to-day  is  more  than  eight  times  as  efficient  as  the  40-watt 
lamp  of  1907.  In  1922  approximately  $500,000,000  were  spent  for 
electric  light.  To  produce  the  same  amount  of  light  in  1880  would 
have  cost  $3,500,000,000. 
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THE  RELATION  OF  ILLUMINATION  TO  PRODUCTION* 


BY  D.  P.  HESS**  and  ward  HARRISON*** 


SYNOPSIS:  This  paper  is  a  report  of  extensive  tests  on  the  time  required  for  the  inspection 
of  parts  of  roller  bearings  under  various  levels  of  illumination  from  5  to  20  foot-candles.  Over 
7,000,000  separate  pieces  of  material  were  inspected  during  the  test  period.  The  types  of 
lighting  employed  as  well  as  the  illumination  levels  were  found  to  have  an  important  bearing 
on  the  output  of  the  department.  Cost  data  on  the  lighting  and  the  value  of  increased  produc- 
tion are  included  in  the  paper. 

OBJECT 

This  test  was  conducted  in  an  effort  to  establish  what  relation- 
ship, if  any,  exists  between  illumination  and  production  in  a  roller 
bearing  plant. 

DESCRIPTION    OF    TEST    DEPARTMENT 

About  fifteen  per  cent  of  all  those  employed  in  the  plant  are 
inspectors  and  the  section  chosen  for  the  test  was  known  as  the 
Green  Inspection  Department.  The  nature  of  the  work  in  this 
Department  consisted  of  inspecting  the  material  in  the  green,  i.e. 
just  as  it  was  turned  out  by  the  automatic  screw  machines  and  be- 
fore heat  treating.  The  material  inspected  as  illustrated  in  Figure 
I  consisted  of  various  sizes  of  cups,  cones  and  threaded  cones,  which 
are  separate  parts  of  a  roller  bearing. 

The  work  is  carried  on  in  three  stages,  the  first  group  of  inspec- 
tors gauge  the  material  for  diameter  and  depth,  the  second  inspect 
for  defects  such  as  chatter,  tool  marks,  ingot  breaks,  thin  ribs,  and 
bad  charnpf(T,  and  the  third  grouj)  for  imperfections  in  the  thread 
on  the  inside  of  the  cones,  bad  mill,  bad  champfer,  and  inadequate 
burnishing.     Some  of  the  work  such  as  the  inspection  of  threaded 

•A  Paper  prc.scntod  hrfori-  the  Annuul  Convention  ol  tht>  Iliuiniimtinji  Knuinccnng 
Society,  Lake  George,  N.  Y.,  September  24-38,  1933. 

•♦MiinnK'T  (if  Coluinhun  Pliint  of  The  Tiinken  Holler  neiiring  Compuny,  Columbus,  t)hio. 

••♦lilutiiiiinting  Miigineer,  National  Lamp  Works  of  (5.  K.  Co  ,  (Mi-vrlnnd.  Ohio. 

The  niuminntirig  I'.ngint-ering  Horiety  in  not  renponnible  for  the  Ni»t«"Mientn  nr  (<pini«um 
advanced  by  ronthhutom. 
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cones,  ingot  breaks  and  chatter  marks  require  close  visual  inspec- 
tion, while  in  some  of  the  gauging,  which  is  done  by  means  of  in- 
dicating and  limit  gauges,  as  illustrated  in  Figure  2  and  3,  relatively- 
little  is  required  of  the  eyes. 

The  personnel  of  this  Department  at  the  time  the  test  was  be- 
gun consisted  of  a  foreman,  clerk,  and  38  inspectors.  This  number 
varied  each  week,  the  average  number  of  inspectors  during  the 
test  being  forty-four.  Table  I  shows  the  weekly  change  in 
personnel  of  the  Department  during  the  entire  test. 

TABLE   I. 

Feb.       Feb.       Mar.       Mar,       Mar.      Mar.       Mar.        Apr.    Apr.       Apr. 
16-Sl   S2-28        1-7       8-1 A      16-21     22-28  29- Apr.  ^  6-11    12-18    19-26 

Total 

Inspectors  38        48        43        43        41        45        45         46      48        43 

New  Inspectors 

Hired  8        12  77165  461 

Inspectors' 

Services 

Discontinued       2        12  7         3  2  53  46  6 

LIGHTING   SYSTEM 

The  area  occupied  by  the  Green  Inspection  Department  has 
dimensions  of  approximately  30  by  60  feet  and  is  located  near  one 
corner  of  a  large  one  story  building  covering  about  6  acres.  Fig- 
ure 4. 

The  lighting  system  in  this  Department  at  the  beginning  of  the 
test  consisted  of  six  outlets,  four  of  which  were  equipped  with  200- 
watt  clear  lamps,  and  two  with  150-watt  clear  lamps.  The  six 
lamps  were  equipped  with  enameled-steel  reflectors  and  gave  an 
average  illumination  of  about  2  foot-candles.  The  distribution  of 
light,  however,  due  to  wide  and  irregular  spacing  of  the  units,  was 
uneven  and  caused  bad  shadows.  Figure  5  shows  the  lighting  effect 
produced  by  this  system. 

The  Department  is  so  located  that  it  receives  daylight  from 
windows  at  a  distance  on  one  side  and  from  skylights  located  in  the 
saw  tooth  roof  construction.  During  the  greater  portion  of  the  time 
during  the  first  two  weeks  of  the  test,  the  above  mentioned  lighting 
system  was  used  as  a  supplement  to  the  natural  daylight.  The  re- 
sulting average  illumination  in  the  test  section  for  this  period  was 
approximately  5  foot-candles. 


im 
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Fig.  I. — Various  Types  of  Material  Inspected 


FlO.  2.'    Inilii-iitiiiK  (!hiikc 


pHI™^fe.*-»*»it.  Jf^      


V. 


Fig.  3. — Taper  Gauges 
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Fig.  4. — Sectional  View  of  Green  Inspection  Department 


Fio.  5. — Original  Lighting  System  in  Green  Inspection  Department 
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The  new  lighting  system,  Figure  6,  consisted  of  28  Glassteel 
Diffusers  located  on  8  by  10  foot-centers  and  mounted  12  feet  from 
the  floor.  This  type  of  Hghting  unit,  Figure  7,  has  an  enclosing 
globe  that  entirely  surrounds  the  lamp  producing  an  even  distribu- 
tion of  light  with  soft  shadows,  and  a  noticeable  absence  of  objec- 
tionable specular  reflection.  The  lighting  effect  obtained  by  the 
above  mentioned  system  is  shown  in  Figure  8. 

In  an  effort  to  maintain  the  levels  of  illumination  as  uniform 
as  possible  under  this  system,  the  skylights  in  the  saw-tooth  roof 
were  blackened. 

PROCEDURE 

The  test  was  planned  to  include  investigations  of  the  old  sys- 
tem, a  6  foot-candle  system,  a  13  foot-candle  system,  and  a  20 
foot-candle  system.  The  test  weeks  in  each  case  were  begun  on  a 
Thursday  and  ended  on  a  Wednesday,  continuing  for  a  period  of 
ten  weeks.  Due  to  the  advancing  season  and  much  stronger  day- 
light it  was  found  impossible  to  return  to  the  original  5  foot-candle 
system  obtained  from  the  unobstructed  skylight  and  6  incandescent 
lamps.    Table  II  gives  the  order  of  tests. 


TABLE   II. 

Old  Lighting 

New  Lighting 

Week 

S.OFoot-CandUt 

6.0  Foot- Candli 

Feb    15-21 

X 

Feb.  22-28 

X 

Mar.     1-7 

Mar.    8-14 

Mar.  15-21 

X 

Mar.  22-28 

Mar.  29-Apr. 

4 

Apr.     5- 1 1 

X 

Apr.   12-18 

Apr.   19-25 

Records  were  available  in  the  Green  Inspection  Dopartnicnt 
which  showed  the  miinbor  of  pieces  in.spected  per  day  with  the 
total  rujinber  of  actual  inspection  hours.  Often,  especially  in  the 
case  of  overtime,  an  inspector  is  called  upon  to  do  g(»neral  work  in 
the  department,  such  as  moving  conlainiM's  and  cleaning  up.  In 
that  event,  his  time  is  not  shown  on  the  inspectors'  records,  but 
only  on  the  time  cards.    If  an  experienced  inspector  is  requested  to 
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instruct  a  new  worker,  the  experienced  inspector's  time  does  not 
appear  in  the  inspection  records.  All  employees  in  this  Depart- 
ment are  paid  on  an  hourly  basis. 

The  question  has  often  been  raised  as  to  whether  atmospheric 
conditions  materially  affect  the  output  of  factory  workers.  In  an 
effort  to  obtain  data  on  this  point  wet  and  dry  bulb  thermometer 
readings  were  taken  four  times  a  day  at  the  test  area  and  from  these 
the  relative  humidity  calculated.  The  daily  weather  bureau  record 
showing  the  per  cent  sunshine,  exterior  temperature,  and  amount  of 
precipitation  was  also  tabulated. 

RESULTS 

Table  III  and  Figure  9  show  the  per  cent  of  sunshine,  average 
weekly  relative  humidity  and  average  weekly  interior  temperature. 
It  will  be  noted  that  the  tests  were  run  at  a  season  of  the  year  when 
artificial  heat  was  necessary  and  as  a  result  both  the  interior  tem- 
perature and  the  humidity  were  fairly  constant.  There  was  a 
considerable  variation  in  per  cent  of  sunshine  for  the  several  weeks 
but  the  variation  apparently  did  not  influence  the  production. 


TABLE  III. 

Percent 

Relative 

Interior 

Week 

Sunshine 

Humidity 

Temperature 

Feb.   15-21 

63.0 

— 

— 

Feb.  22-28 

22.0 

— 

— 

Mar.    1-7 

61 .0 

66.4 

74-8 

Mar.    8-14 

69.0 

63.8 

72.0 

Mar.  15-21 

58. C 

66.5 

71.0 

Mar.  22-28 

47.0 

68.6 

72.3 

Mar.  29- Apr.  4 

62.0 

71 .0 

71.6 

Apr.     5- 1 1 

76.0 

70-3 

72.0 

Apr.    12-18 

52.0 

68.3 

72.4 

Apr.   19-25 

90.0 

65.5 

72.7 

Table  IV  shows  the  total  number  of  pieces  inspected  and  the 
number  of  actual  inspection  hours  for  the  Department  during  each 
of  the  ten  weeks  of  the  test.  The  total  number  of  pieces  inspected 
was  7,313,323. 
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Fio.  6. Outlet  for  a  Mazda  C  lamp  fitted  with  a  Glas.stoel  Diffuser  located 

1 2  feet  above  the  floor. 


Fio.  7. — riln-wti-rl  Diffufwr 


Fig.  8. — New  Lighting  System  in  Green  Inspection  Department 
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Foot- 
Candles 

50 

50 
20.0 
12.8 

5-7 
II. 9 
20.2 

6.2 
20.2 
13  5 


(Old  System) 
(New  System) 


TABLE    IV. 

Total 

Total 

Average  Pieces 

Pieces 

Inspection 

Inspected  per 

Inspected 

Hours 

Person  per  Hour 

684,164 

1,644 

415 

581,709 

1.449 

400 

681,621 

1,476 

462 

708,559 

1,620 

437 

739,627 

1,778 

415 

735,316 

1,698 

432 

763,762 

1,737 

440 

809,631 

1,866 

434 

842,138 

1,783 

472 

766,796 

1,700 

451 

Table  V  shows  the  average  of  all  weeks  under  the  same  lighting 
system  with  the  percentage  increase  in  production. 


TABLE    V. 

Foot- 

Average  Pieces  Inspected 

CandlM 

I>er  Person  per  Hour 

20.0 

458 

13.0 

440 

6.0 

424 

50 

(Old  System) 

407 

Incr 

12.5% 
8.0% 
40% 
0.0% 
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These  results  are  also  shown  graphically  on  Figures  lo,  ii  and 
12.  Figure  lo  also  shows  the  daily  rate  of  production  for  the  entire 
period.  The  tests  furnish  apparently  conclusive  proof  that  for  the 
class  of  work  carried  on  in  the  Green  Inspection  Department  the 
production  is  materially  affected  by  the  character  of  illumination 
supplied.  It  will  be  noted  that  a  well  designed  system  of  illumina- 
tion, giving  approximately  6  foot-candles  with  a  minimum  of  glare 
and  objectionable  specular  reflection,  results  in  an  increase  of  4 
per  cent  in  production  over  that  obtained  under  a  fault}^  system 
which  gave  about  the  same  average  foot-candles.  Likewise,  an  in- 
crease in  illumination  from  6  foot-candles  to  13  foot-candles  with  a 
well  designed  system  results  in  a  further  4  per  cent  increase  in 
production.  Increasing  the  illumination  from  13  foot-candles  to 
20  foot-candles  results  in  an  additional  4.5  per  cent  increase,  or 
comparing  the  20  foot-candle  system  with  the  one  originally  in  use 
a  12 .  5  per  cent  increase  in  production  is  found. 

ECONOMICS 

The  current  consumed  with  the  20  foot-candle  system  amounts 
to  8 . 4  kilowatts  which  at  a  rate  of  $0.03  per  kilowatt  hour  results  in 
a  cost  of  $0.25  per  hour  for  current  to  which  should  be  added  ap- 
proximately $0.07  for  lamp  renewals  and  other  charges  making  a 
total  cost  of  $0.32  per  hour.  With  the  old  5  foot-candle  lighting 
system  about  half  of  which  was  daylight,  the  cost  for  current  and 
lamp  renewals  was  $0.04  per  hour.  The  inspectors  receive  an 
average  wage  rate  of  approximately  $0.30  per  hour  or  for  44  people 
a  total  of  $13.20  per  hour.  A  12 .  5  per  cent  in  production  means, 
therefore,  a  saving  of  $1.47  per  hour  in  labor  which  is  five  times  the 
added  cost  of  the  lighting.  To  put  the  matter  in  another  way,  the 
new  lighting  increased  the  production  12.5  per  cent  at  a  cost  of  less 
than  2  .  5  per  cent  of  the  payroll. 

The  authors  desire  to  express  their  appreciation  of  the  valuable 
services  rendered  by  Mr.  C.  M.  Snyder  in  the  copduct  of  the  tests 
which  have  been  described. 

DISCUSSION 
George  Ainsworth:  Might  I  ask  if  the  inspectors  knew  at 
about  which  level  the  illumination  was  maintained  during  the 
different  periods  of  inspection,  if  they  knew  whether  they  were 
working  under,  say,  a  quarter  or  a  half  or  twice  as  much  light?  Or 
were  they  kept  in  ignorance  of  these  changes? 
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C.  M.  Snyder:  The  inspectors  did  not  know  a  test  was  being 
conducted.  They,  of  course,  could  tell  the  illumination  was  lower, 
but  they  did  not  know  that  the  lamp  sizes  were  actually  being 
changed.  Some  of  them  were  under  the  impression  that  the  light- 
ing equipment  was  being  tested,  and  a  few  thought  that  the  lamps 
were  being  dimmed  and  made  brighter  by  means  of  rheostats. 

Julius  Daniels:  I  would  like  to  ask  the  speaker  which 
system  they  decided  to  install. 

C.  M.  Snyder:  The  20  foot-candle  system  is  installed  at 
present. 

Charles  Gallo:  I  would  like  to  ask  when  inspecting  tool- 
marks,  thin  ribs,  etc.,  whether  there  was  any  advantage  in  using 
that  steel-glass  diffuser  over  bowl  enameled  Mazda  C  lamps. 

It  would  seem  that  too  much  diffused  light,  for  examining 
such  tool-marks,  would  tend  to  obliterate  the  tool-mark  instead  of 
making  it  more  prominent,  and  in  that  way  hinder  fast  inspection; 
and,  that  if  there  were  more  directed  light,  that  is,  not  so  great  a 
diffusion,  more  rapid  inspection  could  possibly  be  obtained. 

C.  M.  Snyder:  We  found  that  the  Glasstoel  Diffuser  gave  a 
very  satisfactory  illumination  for  this  type  of  work.  If  the  light  is 
so  bright  that  specular  reflection  results,  it  is  impossible  for  the 
inspectors  to  see  the  tool  marks  or  other  imperfections  due  to  the 
amount  of  light  that  is  thrown  back  from  the  material  into  their 
eyes.  The  Glassteel  Diffuser  gives  a  very  soft,  diffused  light  and 
still  shows  up  these  imperfections  very  plainly. 

Thomas  (^i.  Ward:  I  would  like  to  ask  Mr.  Snyder  if  the 
worth  of  the  product 'on — the  increase  in  production — was  figured 
in  com[)arison,  instead  of  the  wage  per  hour.  TIk^  J  1.47  per  hour 
saving  is  a  very  minor  consideration  in  comparison  to  the  incretuse 
in  production — the  worth  of  tlic  increase  in  production. 

C.  M.  Snyder:     I  do  not  Ix'Iicvc  I  understand  your  (jiicstioii. 

Thom,\s  G.  Wahd:  ^'on  ^ct  above  a  standard  cost  on  proihic- 
tion.  Is  the  incrca.sc  in  pnxhiction  worth  more  than  the  compari- 
son between  the  saving  of  labor  and  the  cost  of  light'* 

(\  M.  Sxydkh:  This  is  figured  on  the  average  wag»>  rate  of 
the  inspectors  per  hour. 

C.  A.  Atherton  :  I  a.ssume  from  t  he  figun\s  t  hat  t  \\r  ein|)lovoe8 
in  the  portion  (tf  the  factory  tested  are  all  day  or  hour  workers.  I 
wonder  if  similar  tests  have  ever  been  conductc'd  in  factorit^s  in 
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which  piece-workers  are  employed.  In  this  case,  there  would  be  the 
added  incentive  to  work  as  fast  as  possible  independent  of  the 
illumination.  I  wonder  whether  the  same  general  order  of  increase 
in  work  accomplished  might  be  expected  from  increased  illumina- 
tion under  conditions  in  which  the  workers  already  had  an  incentive 
to  work  as  fast  as  possible." 

C.  M.  Snyder:  There  have  been  various  tests  of  that  descrip- 
tion including  piece  workers  and  the  regular  scale.  Although  there 
was  some  overtime  taken  into  consideration  here,  the  results  are 
calculated  on  an  hourly  basis. 

Davis  H.  Tuck:  Mr.  Gallo  brought  up  a  point  a  minute  ago 
that  I  had  in  mind  to  bring  up  and  that  is  the  specular  from  such 
pieces  as  this  one  (indicating)  and  this  one  (indicating).  Under 
diffused  lighting,  you  can't  pick  out  imperfections  on  such  specular 
surfaces  as  you  could  if  you  had  some  specular  reflection,  and  I 
believe  that  in  Classes  2  and  3  perhaps  the  increase  in  production 
could  be  further  raised  if  they  had  specular  reflection. 

Furthermore,  I  think  in  Table  I  Von  Page  791  if  the  amount  of 
rejects  had  been  tabulated,  it  would  tend  to  increase  the  production 
shown,  because  if  you  pick  out  some  bad  pieces  you  look  at  them  a 
little  longer  before  you  throw  them  away,  and  under  good  illumina- 
tion there  would  be  more  rejects.  In  such  a  case,  there  would  be 
more  rejects  and  I  think  the  increase  in  production  would  be  a 
good  deal  higher  than  twelve  and  a  half  per  cent. 

G.  H.  Stickney:  In  connection  with  this  question  of  lighting 
specular  surfaces  for  inspection,  my  experience  indicates  strongly 
in  favor  of  diffusing  light  sources.  It  is,  of  course,  impracticable  to 
illuminate  such  a  surface.  If,  however,  a  light  source  of  low,  uni- 
form brilliancy  is  reflected  by  the  surface,  scratches,  cracks  and 
distortions  show  up  quite  conspicuously. 

It  is  a  well  established  practice,  for  inspectors  use  the  reflection 
of  the  sky  in  this  way,  and  a  lamp  with  proper  diffusing  equipment 
can  easily  be  made  to  act  as  a  miniature  sky.  If  a  lamp  filament  or 
other  source  of  uneven  brilliancy  is  so  reflected,  the  contrasts  con- 
ceal the  irregularities  of  the  surface. 

I  have  verified  this  experience  in  the  inspection  of  glossy  discs 
for  electric  meters,  rollers  for  bearings,  glass,  glossy  rubber,  etc. 
In  the  roller  bearing  factory,  they  had  experimented  for  several 
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months  with  exposed  filament  equipments,  without  any  success. 
The  diffused  Hght  scheme  at  one-fourth  the  wattage,  worked  from 
the  start. 

It  is,  of  course,  necessary  to  have  the  position  of  the  lamp  with 
regard  to  the  operator  and  work  such  as  to  facihtate  reflection  to 
the  eyes  of  the  operator,  that  is,  the  lamp  should  be  above  and 
beyond  the  work. 

J.  C.  Fisher:  If  I  understood  Mr.  Snyder  correctly,  the  sky- 
light was  blackened  during  the  test  and  artificial  light  used  entirely. 
Whether  or  not  that  is  true  I  would  like  to  know  what  the  estimated 
increase  in  production  would  be  if  the  daylight  were  used  as  far  as 
possible  and  simply  supplemented  with  the  artificial  lighting.  In 
other  words,  I  presume  the  artificial  lighting  would  be  used  only  a 
part  of  the  total  time  and  therefore  there  would  be  quite  a  fall-off 
in  that  percentage  increase  in  production  due  solely  to  the  artificial 
light. 

I  would  like  to  know  approximately  what  that  would  amount 
to,  because  that  is  a  question  often  raised  by  people  who  have  a  so- 
called  dayUght  factory  in  which  they  object  to  spending  a  great 
deal  for  an  increased  lighting  installation  on  that  ground. 

C.  M.  Snyder:  Figure  4  shows  that  a  considerable 
amount  of  actual  daylight  was  present  on  the  inspection  tables 
from  the  wall  windows,  although  the  skylights  were  blackened 
during  the  test. 

I  think  you  will  find  that  the  season  of  the  year  makes  a  great 
deal  of  difference  in  the  amount  of  daylight  present.  This  tost  was 
run  during  the  winter  months,  therefore,  th(^  percent  of  sunshine 
was  appreciably'  lower. 

I  regret  to  say  that  I  do  not  havc^  any  exact  figures  available 
at  the  present  time  as  to  the  percentage  increase  or  (Un'rease  that 
there  would  be  if  daylight  were  used  in  conjunction  with  the  arti- 
ficial light. 

Ward  Harkison:  There  .'in*  one  or  two  sidelights  on  this  test 
which  are  also  (piite  interesting,  l-'irst,  we  trieil  to  (i(>t(M-niine,  if 
po.ssible,  if  outside  conditions  such  as  sunshin(\  or  the  lack  of  it, 
high  terni)eratiires  or  low  temperatures,  had  anything  to  do  with 
how  rinieh  the  operator  felt  like  working,  or  how  nuieh  th(>v  .'iceom- 
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pliahed.  It  seems  to  be  definitely  established,  as  far  as  this  test  is 
concerned,  that  such  outside  conditions  had  no  appreciable  effect 
upon  production. 

One  reason  that  the  enclosing  fixtures  were  chosen  as  a  stand- 
ard for  this  test  was  that  the  size  of  lamp  could  be  changed  without 
the  operators  necessarily  being  aware  of  it.  They  knew  that  some 
test  on  fixtures  was  being  conducted,  but  few,  if  any  of  them,  sus- 
pected that  the  amount  of  work  which  thej^  turned  out  was  the 
factor  to  be  determined.  Incidentally  they  did  complain  bitterly 
when  the  illumination  was  reduced  to  6  foot-candles,  although  they 
had  been  able  to  get  along  fairly  well  before  under  the  old,  5  foot- 
candle  system. 

Mr  Ward  brought  out  the  point  that  direct  labor  is  only  one  of 
the  items  in  factory  production  which  may  be  affected  by  the  light- 
ing; another  is  the  quality  of  the  product  turned  out.  We  could 
scarcely  get  any  figures  on  this,  however,  from  the  department  under 
test,  since  their  job  is  looking  for  defects  in  the  work  of  others;  if 
they  reject  2.4  per  cent  one  day  and  1.7  per  cent  the  next,  it  is 
impossible  to  tell  whether  the  high  rejections  in  the  first  case  is  due 
to  their  ability  to  see  better  or  that  a  more  defective  product  was 
being  inspected. 

As  to  the  amount  of  daylight;  in  February  every  bit  of  avail- 
able light  was  utilized,  that  is,  all  the  old  artificial  lighting  was 
turned  on  and  all  the  daylight  they  could  get  was  allowed  to  enter, 
yet  the  sum  of  the  two  averaged  throughout  the  day  was  only  5 
foot-candles.  Accordingly  the  Timken  Roller  Bearing  Co.,  was 
interested  particularly  in  securing  a  lighting  system  which  would 
carry  them  through  the  winter  months  of  December,  January,  and 
February, — when  the  daylight  itself  does  not  average  more  than 
three  or  four  foot-candles. 

James  E.  Ives:  (Communicated)  This  paper  is  an  impor- 
tant contribution  to  the  problem  of  the  relation  of  production  to 
illumination.  Although  this  subject  is  of  the  greatest  interest  to 
business  men  and  engineers,  very  little  definite  information  on  it 
exists  at  the  present  time. 

The  office  of  the  Industrial  Hygiene  and  Sanitation  of  the  U. 
S.  Public  Health  Service  is  particularly  interesting  in  this  paper  on 
account  of  the  investigation  recently  carried  on  by  it  on  the  same 
problem,  in  the  New  York  City  Hall  Post  Office.     We  found  a 
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marked  increase  in  speed  of  working,  among  the  letter  separators, 
when  the  illumination  was  raised  from  2.8,  successively,  to  3.6, 
8.0  and  14.0  foot-candles.  The  workers  used  in  the  test  were 
divided  into  three  groups,  according  as  their  vision  without  glasses 
was  good,  medium  or  poor.  The  percentage  increase  in  speed  of 
working  varied  somewhat  with  the  group,  being  greater  for  the 
poor  vision  groups  than  for  the  good  vision  group.  The  intensity' 
of  illumination  giving  maximum  speed,  also  differed  for  the  differ- 
ent groups,  the  poor  vision  group  reaching  its  greatest  speed  under 
the  highest  illumination,  and  the  other  two  groups  under  8.0  foot- 
candles.  On  reducing  the  illumination,  however,  to  its  original 
value  of  2.8  foot-candles  we  found  that  the  production  did  not 
return  to  its  original  value  but  to  a  value  considerably  above  it. 
The  same  phenomenon  was  noted  recently  in  an  experiment  in 
England  on  the  relation  of  illumination  to  coal  production.  When 
a  coal  miner  used  an  ordinary  lamp  the  production  was  2.47  tons; 
with  a  lamp  six  times  as  bright,  it  was  2.83  tons,  an  increase  of 
14.6  per  cent.  When  the  miner  returned  to  the  use  of  the  ordinary 
lamp,  the  production  did  not  return  to  its  original  value  but  still 
remained  5.4  per  cent  above  it. 

This  failure  to  return  to  the  original  speed  of  working,  or  of 
production,  when  the  illumination  is  returned  to  its  original  value 
makes  the  interpretation  of  the  result  rather  difficult,  and  it  is  felt 
by  us  that  before  the  results  obtained  by  us  can  be  completely 
understood  it  will  be  necessary  to  find  an  explanation  of  tliis 
peculiar  phenomenon.  Anotlier  question  that  naturally  presents 
itself  is:  "Will  the  increased  speed  obtaincMl  under  increased 
illumination  he  maintained,  or  disappear,  in  part  or  in  whole,  as  the 
time  goes  on?"  It  is  natural  to  expect  that  some  of  it  at  K-ist  will 
be  maintained,  })ut  we  feel  that  it  will  \)v  necessary  to  make  further 
tests  to  establish  the  facts.  The  tests  recently  carried  on  by  the 
JJetroit  Piston  I{ing  Company  would  seem  to  indicate  that  the 
increased  speed  is  maintained.  In  connection  with  the  tests  made 
by  Mr.  Hess  and  Mr.  Harrison  the  same  question  presents  its(^lf, 
namely,  "Would  the  incnnse  in  production  observed  by  IIumu  be 
maintained  over  a  long  pniod  of  (ime  if  the  incn^ased  ilhnninat  ion 
is  maintained?" 

Wahi)  Hauiiison'  (romnnmicated):  Dr.  Iv(»s  stated  that  in 
the  New  ^'ork  Post  Ofliee  tests  the  speed  of  woik  increased  wit  h  1  he 
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illumination  but  did  not  drop  down  all  the  way  to  its  original  value 
when  the  illumination  was  again  reduced  to  2.8  foot-candles.  I 
have  heard  indirectly  of  other  instances  where  the  same  phenome- 
non has  been  observed.  The  best  explanation  that  I  have  heard 
was  that  suggested  by  Dr.  E.  F.  Nichols,  namely  that  the  ease  of 
seeing  under  the  high  illumination  establishes  the  habit  of  faster 
work  and  that  this  is  not  immediately  shaken  off  when  the  illumina- 
tion is  reduced. to  the  former  low  value.  Likewise,  the  ultimate 
high  speed  of  work  obtainable  under  a  high  level  of  illumination  is 
quite  possibly  not  secured  during  the  first  few  days  of  work  under 
such  illumination. 


SALIENT  FEATURES  IN  POWER  STATION  LIGHTING* 


BY  RAYMOND  A.   HOPKINS** 


SYNOPSIS:  Unusual  problems  are  met  in  the  lighting  of  power  stations  on  account  of 
individual  arrangement  of  equipment,  severe  service  conditions  and  exacting  requirement*. 
The  successful  lighting  system  must  be  reliable,  economical,  easy  to  maintain  and  adequately 
suited  to  the  specific  local  requirements  which  requirements  are  found  to  differ  throughout  the 
station.  The  mosi  reliable  and  economical  source  of  energy  is  usually  the  station  auxiliary  bus. 
The  distribution  wiring  should  be  of  the  particular  quality  best  suited  to  meet  power  station 
conditions  and  should  be  designed  to  give  the  best  possible  voltage  regulation  consiotent 
with  economy.  An  emergency  lighting  ayetem  should  be  provided  and  of  several  possible 
arrangements  the  one  giving  greatest  dependability  should  be  selected.  All  equipment  such  as 
cabinets,  switches,  receptacles,  lamps,  globes,  shades  and  reflectors  should  be  carefully  selected 
to  give  maximum  operating  convenience,  long  life  and  high  efficiency.  A  thorough  survey  of  a 
large  number  of  existing  first-class  power  stations  gives  data  for  the  solution  of  a  number  of 
typical  station  illumination  problems  so  selected  that  the  designing  engineer  may  extend  the 
data  and  conclusions  given  to  meet  the  requirements  of  any  ordinary  station. 


GENERAL    CONSIDERATIONS 

Steam  and  hydroelectric  power  generating  stations  and  sub- 
stations present  unusual  lighting  problems  seldom  met  elsewhere 
in  the  industrial  field.  In  the  coal  bunker,  the  firing  aisle,  the 
ash  room,  the  switch  room,  and  many  other  parts  of  the  station, 
the  conditions  are  so  severe  and  the  requirements  so  exacting  that 
the  design  deserves  very  careful  study.  It  is  the  intention  of  this 
paper  to  discuss  a  limited  number  of  specific  problems  and  to 
submit  solutions  for  them,  based  on  actual  data  from  a  large 
number  of  successful  installations  to  the  end  that  the  designing 
engineer  may  readily  extend  the  data  and  conclusions  to  completely 
cover  the  requirements  of  any  ordinary  station. 

Reliability  of  the  lighting  system  is  of  first  importance  since 
light  is  depended  upon  for  the  reading  of  meters  and  gauges,  the 
operation  of  controls,  the  insjx^ction  of  e(]uipment  and  the  super- 
vision of  all  working  parts  of  the  station  which  themselves  arc 

*A  I'nprr  prrncnlr*!  lH>forp  the  Annual  Convention  of  thf  IlluminatinK  KncinM>rinj| 
Society,  Lake  CirurKe.  N.  Y..  Srptrmhrr  24-26,  igaj. 
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essential  to  the  continuous  production  of  electric  energy.  The 
complete  lighting  system  should,  therefore,  be  of  rugged  construc- 
tion and  of  ample  capacity  and  should  include  spare  transformers 
and  other  essential  parts.  Moreover,  in  order  to  provide  an 
immediate  relay  against  even  a  momentary  failure  of  the  normal 
lighting  system,  an  auxiliary  or  emergency  system  should  be 
arranged  to  serve  all  important  parts  of  the  station. 

As  an  example  to  the  public  who  support  the  power  station 
by  purchasing  its  output,  the  station  lighting  should  represent  the 
latest  achievements  in  correct  illumination.  The  use  of  wasteful 
and  antiquated  lighting  equipment  should  be  avoided  and  the 
installation  should  be  designed  to  permanently  secure  proper 
illumination  intensities  and  satisfactory  operating  conditions. 

Maintenance,  with  every  lighting  system,  is  essential  to 
successful  performance.  Particularly  in  the  power  station,  on 
account  of  the  unusual  ceiling  heights,  the  hazardous  locations  and 
the  excessive  dust,  the  problem  of  maintenance  deserves  earnest 
attention.  Equipment  should  be  selected  which  endures  severe 
service  and  which  is  readily  disassembled  for  cleaning  and 
relamping,  and  it  should  be  located  so  as  to  be  easily  accessible. 

Less  illumination  is  generally  required  for  normal  operation 
of  the  station  than  is  required  for  maintenance  or  repair  work. 
During  normal  operation  there  are  instruments,  gauges,  bearings 
and  other  details  to  be  watched  and  certain  routine  operations  to 
be  performed,  but  many  parts  of  the  station  can  be  left  relatively 
unattended  except  for  regular  scheduled  inspections.  These 
periodical  inspections,  however,  require  ample  lighting  throughout 
the  station  and  repair  work  and  overhauling  of  machines,  which  is 
often  done  on  a  rush  basis,  deserve  the  best  possible  lighting.  It  is, 
therefore,  important  that  the  lighting  system  be  made  flexible 
by  providing  plenty  of  local  switching  and  of  plug  receptacles. 

SOURCES    OF    ENERGY 

A  choice  is  generally  to  be  made  between  several  available 
sources  of  energy  for  the  lighting  system  such  as  the  main  station 
bus,  the  station  auxiliary  bus,  the  exciter  bus,  the  storage  battery, 
or  an  outside  source.  The  chief  considerations  involved  in 
making  the  choice  are  reliability,  economy  and  voltage  regulation. 
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The  main  station  bus  in  a  direct  current  station  is  generally 
the  most  reliable  and  economical  source  for  the  lighting  and  is 
usualh'  chosen  on  this  basis,  although  the  voltage  regulation  may 
not  be  all  that  is  desired.  Lamps  of  the  no  to  125-volt  or  220  to 
250-volt  class  are  generally  used  and  when  the  bus  voltage  is 
550  or  600  volts,  the  lamps  are  grouped  in  series. 

The  main  station  bus  in  an  alternating  current  station  is  in 
itself  a  reliable  and  economical  source.  When  the  voltage  is  over 
2300  volts,  however,  the  transforming  and  switching  equipment 
are  expensive  and  also  constitute  a  possible  hazard  to  the  Hghting 
system.  Moreover,  the  voltage  on  the  main  bus  is  often  varied 
as  much  as  10  per  cent  above  and  below  normal  at  different  times 
of  the  day  to  suit  the  load  requirements,  this  condition  necessi- 
tating the  use  of  a  feeder  voltage  regulator  on  the  lighting  circuit. 
For  these  reasons,  the  main  bus  when  of  over  2300  volts,  is  seldom 
used  as  a  source  for  the  station  lighting. 

The  station  auxiliary  bus  from  which  all  motor  driven 
auxiHaries  are  fed  is  usually  considered  the  best  source  of  energy 
for  the  Hghting  system.  It  is  generall}'  operated  at  2300  volts 
and  proper  transformers  and  circuit  breakers  are  used  to  supply 
energy  to  the  lighting  system.  Since  the  continuous  operation 
of  the  station  auxiliaries  is  very  important  even  under  conditions 
of  power  interruption  or  voltage  surge  on  the  main  bus,  the 
station  auxiliary  bus  is  usually  supported  by  at  least  two  sources 
of  energy,  at  least  one  of  which  is  a  prime  mover.  Tliis  assures  a 
reliable,  economical  and  usually  well  regulated  source.  A  feeder 
voltage  regulator  on  the  lighting  feeder  is  necessary  only  when  the 
auxiliary  bus  for  some  reason  does  not  carry  a  uniform  voltage. 

The  exciter  bus  is  not  considered  a  suital)le  source  for  the 
normal  lighting.  It  is  reliable  but  not  particularly  economical 
and  when  automatic  volt  ago  regulators  are  us(m1  on  the  (^xciters, 
the  voltage  regulation  of  the  exciter  bus  is  oft(Mi  as  gn\it  as 
60  per  cent  above  and  below  normal.  Furthermore,  the  lighting 
syHtem,  if  fed  fioni  the  exciter  bus,  is  somewhat  of  a  hazard  to 
the  excitation  sysh'ni.  The  exciter  bus  is  sonietini(\s  used  as  a 
.source  for  the  emergency  lighting  system  l)ut  even  this  piaclice  is 
not  to  \){i  nM'onnnended. 

The  storage  battery  is  a  most  reliable  secondary  source  of 
energy  for  the  lijditing  system  and  with  proper  charging  conncc- 
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Comparison  Of  Distribution  Systems 
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Fig.  I. — Comparison  of  Distribution  Systems 


tions  the  voltage  regulation  is  satisfactory.  The  cost  of  the 
battery  and  its  poor  efficiency  at  once  prohibit  its  use  for  normal 
lighting  but  it  is  very  commonly  used  as  a  source  for  emergency 
lighting.  When  so  arranged  the  battery  size  is  determined  by  the 
demand  of  the  emergency  lighting  system  plus  the  demand  of  the 
control  system.  The  latter  is  likely  to  be  heavy  during  a  period 
of  emergency  since  at  such  a  time  considerable  switching  is  done. 
A  maximum  allowance  of  one  hour  for  demand  on  the  emergency 
lighting  system  at  any  one  time  is  considered  ample  to  meet  the 
most  extreme  conditions.  Since  the  control  circuits  constitute  a 
very  sensitive  and  important  part  of  the  station  wiring,  it  is 
important  that  the  emergency  lighting  system  if  fed  from  the 
control  battery,  be  kept  free  from  grounds  or  other  faults  which 
may  cause  trouble  with  the  controls. 

An  outside  service  is  sometimes  used  as  a  source  of  energy 
for  the  lighting  system  where  the  station  voltage  or  frequency 
are  not  suitable  for  lighting  circuits.  Especially  in  small  stations 
of  this  nature  it  is  often  found  more  economical  to  purchase 
energy  for  lighting  than  to  install  necessary  transforming  or 
converting  equipment. 
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DISTRIBUTION   SYSTEM 

The  materials  and  workmanship  constituting  the  complete 
lighting  system  from  the  source  of  energ}^  to  and  including  the 
lamp)s  should  be  of  the  best  quality  in  order  to  insure  dependable 
operation  comparable  to  that  of  the  major  station  equipment. 

Data  on  a  number  of  the  most  commonly  used  distribution 
systems  are  given  in  Figure  i.  It  will  be  seen  that  where  the 
feeder  is  so  short  that  the  copper  size  is  based  on  current  density 
or  carrying  capacity,  the  use  of  one  of  the  higher  voltage  systems 
as  B,  E  or  G  results  in  a  considerable  saving  in  copper  and  in 
less  voltage  drop  and  power  loss.  Also,  when  the  feeder  is  so  long 
that  the  copper  size  is  based  on  allowable  voltage  drop,  the  higher 
voltage  systems  result  in  even  more  sav-ing  in  copper. 

System  B  is  probably  the  most  commonly  used.  Being  a 
single  phase  system  it  requires  only  one  transformer  while  a 
polyphase  system  requires  more  than  one.  With  a  single  phase 
system  the  lighting  is  all  carried  on  one  phase  of  the  station,  but 
this  is  seldom  found  objectionable. 

The  neutrals  of  systems  B,  E  and  G  should  always  be  grounded 
and  the  neutral  conductor  unfused.  The  size  of  the  neutral 
should  be  determined  by  the  size  of  the  fuses  in  the  outside  con- 
ductors where  the  circuit  is  protected  by  fuses,  since  the  blowing 
of  a  single  fuse  is  liable  to  result  in  the  neutral  wire  carrying  the 
full  load  of  one  of  the  outside  wires.  Where  a  circuit  breaker  is 
used,  all  poles  of  which  trip  at  the  same  time,  the  neutral  wire 
need  be  only  large  enough  to  carr^'  the  unbalanced  current.  For 
system  C  the  common  conductor  must  have  1.41  times  the  capacity 
of  each  outside  conductor.  If  the  system  is  convertible  the 
common  conductor  must  have  double  the  capacity  of  each  outside. 
An  example  of  this  connection  is  found  where  the  emergency 
lighting  (•ir(!uit8  arc  normally  operated  as  system  B,  but  in 
emergency  are  operated  as  system  A  by  connecting  the  two 
outside  conductors  to  the  positive  and  th<'  n(Hitral  to  th(»  negative. 

The  grouj)ing  of  several  cal)inets  on  one  feeder  is  not  desirable 
from  the  standpoint  of  flexibility  in  switching,  testing  and  mainte- 
nance but  is  often  done  for  economic  retu^ons.  \\y  referring  to 
I'^igure  2  it  will  bo  noted  that  \\\\vn  two  or  mon»  cabinets  are 
located  close  to  each  other  and  at  somc^  distance  from  the  bus 
M  in  A  and  H,  the  most  economical  arrangement  is  to  group  tlu* 
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Fig.  2. — Comparisons  of  Cabinet  Groupings. 

cabinets  as  shown  in  B.  This  not  only  takes  account  of  the  fact 
that  one  feeder  costs  less  than  two,  even  when  equal  weights 
of  copper  are  involved,  but  also  of  the  fact  that  the  single  feeder 
will  contain  less  copper  on  account  of  diversity  between  cabinet 
loads.  On  the  other  hand  when  the  cabinets  are  scattered  as  in 
C  and  D,  the  most  economical  arrangement  is  separate  feeders 
as  shown  in  C.  The  common  feeder  as  shown  in  D  could  be  used 
to  advantage  by  fusing  the  feeder  just  beyond  the  first  cabinet 
but  fuses  in  the  feeders  at  other  points  than  at  the  main 
switchboard  are  not  to  be  recommended. 

Distribution  cabinets  of  various  styles  are  available  and  the 
choice  depends  on  a  great  many  local  conditions.  Main  fuses  are 
necessary  unless  the  cabinet  buses  are  protected  by  the  feeder  main 
fuse.  The  main  switch  in  the  cabinet  is  optional.  It  is  convenient 
for  changing  of  branch  fuses,  for  making  changes  in  the  cabinet 
wiring  and  for  controlling  the  entire  cabinet  in  cases  where  control 
of  this  kind  is  desirable.  The  main  switch  is  sometimes  electrically 
operated  so  that  the  entire  cabinet  can  be  controlled  from  a 
distance.  Such  a  control  is  convenient  for  the  distribution 
cabinets  supplying  large  turbine  rooms,  since  the  cabinets  can  be 
located  up  near  the  lamps  and  the  control  switches  can  be  located 
at  a  convenient  place  on  the  turbine  room  floor.  Magnetic 
switches  are  available  in  two  types,  one  of  which  is  operated  by  a 
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momentary  contact  control  switch  and  the  other  by  a  single  pole, 
single  throw  control  switch.  In  laj-ing  out  the  lighting  sj'stem  it 
will  be  found  that  each  type  has  distinct  advantages  over  the 
other  to  meet  certain  conditions. 

Branch  fuses  are  necessary  in  all  cases.  At  present  two-pole 
fuses  are  required  by  code  but  it  is  expected  that  in  the  near 
future  single-pole  branch  fuses  will  be  allowed  under  specified 
conditions.  Branch  switches  are  optional.  They  are  unnecessary 
where  the  cabinets  are  located  with  respect  to  the  centers  of 
distribution  and  are  used  only  as  fuse  boxes,  the  control  being 
entirely  by  local  switches.  On  the  other  hand,  branch  switches 
are  needed  where  the  cabinets  are  located  not  necessarily  in  the 
centers  of  distribution  but  at  convenient  control  points,  and  are 
used  to  control  the  lighting  without  local  switches.  The  latter 
arrangement  has  the  disadvantage  that  lights  may  be  turned  off 
by  mistake  in  rooms  where  they  are  urgently  needed. 

Flush  type  and  surface  type,  dead  front  and  open  front  cabinets 
are  available  and  the  choice  depends  upon  their  locations. 
Directory  frames  are  always  convenient  when  replacing  fuses. 
Wiring  gutters  are  necessary  in  the  majority  of  cases  and  it  is 
convenient  to  provide  wider  gutters  at  the  tops  and  bottoms  than 
at  the  sides,  since  most  of  the  wiring  enters  the  cabinet  at  the 
top  and  the  bottom. 

Coding  of  the  branch  wiring  where  the  neutral  is  grounded  is 
becoming  standard  practice.  It  is  convenient  to  use  a  white  or 
light  colored  braid  for  the  grounded  wire  and  the  usual  black  braid 
for  the  other  wires.  The  shell  sides  of  all  sockets  and  receptacles 
are  connected  to  the  white  wire,  and  all  single-pole  switches  are 
placed  in  the  black  wire. 

Special  insulation  is  very  desirable  in  boiliM-  rooms  and  in 
condenser  rooms  where  tlie  wire  is  subject  to  seven^  hvM  ami 
moisture  conditions.  In  these  locations  the  ambient  tem|)(Mature 
is  often  above  the  safe  temperature  for  rubber  insulation,  and 
escaping  steam  sometimes  produces  condensation  which  is  liable 
to  saturate  the  braid.  Several  tyi)es  of  insulation  and  covering 
have  been  tried  including  jisbestos  compounds,  fibre*  compcninds, 
waterproof  impregnations  and  varnished  canibiic  with  \v:\i\ 
covering.  It  is  very  difliculi  to  lind  an  insulation  and  braid 
which   will    perniancndy    resist    l)<)lli   the   moisture  and   \\\r   li(>at. 
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Generally  if  it  is  heat-resisting,  it  quickly  absorbs  moisture  and 
on  the  other  hand  if  it  is  impregnated  to  resist  moisture  the  heat 
quickly  dries  out  the  impregnating  compound.  Varnished  cambric 
insulation  with  lead  covering  is  quite  satisfactory  but  very  expen- 
sive. Varnished  cambric  insulation  with  braid  covering  gives 
very  good  results.  None  of  the  usual  rubber  compounds  are 
suitable,  but  certain  vulcanized  compounds  are  available  which 
are  satisfactory  for  boiler  room  use.  Much  trouble  from  excessive 
temperature  can  be  avoided  by  carefully  selecting  the  locations 
of  conduit  runs. 

EMERGENCY   LIGHTING 

The  emergency  lighting  system  has  been  mentioned  a  number 
of  times  in  the  preceding  paragraphs.  The  most  carefully  designed 
and  maintained  normal  Hghting  system  is  not  infallible.  In  case 
of  system  disturbance  or  loss  of  a  lighting  transformer  or  other 
accident  that  extinguishes  the  normal  lighting  system  it  is  of 
utmost  importance  to  station  operation  that  the  emergency 
lighting  system  be  automatically  put  into  operation  at  once.  The 
important  parts  of  the  station  to  be  covered  by  emergency  lighting 
are  water  columns,  boiler  gauges  and  meters,  stoker  and  fan 
controls,  boiler  feed  pumps,  turbine  gauges  and  controls,  turbine 
auxiliaries,  valve  controls,  oil  circuit  breakers  and  disconnecting 
switches,  hghting  transformer  and  switch  rooms,  switchboard 
rooms,  load  dispatcher's  office  and  all  stairways  and  passages. 

Three  commonly  used  systems  of  emergency  lighting  connec- 
tions are  shown  diagrammatically  in  Figure  3.  In  each  system 
the  emergency  wiring  is  segregated  from  the  normal  wiring  by 
the  use  of  separate  conduits,  cabinets  and  outlets.  It  is  often 
found  convenient,  however,  and  perfectly  satisfactory,  to  use 
combination  cabinets  with  barriers  separating  the  normal  from 
the  emergency  circuits.  One  of  the  three  systems  shown  is 
generally  selected  although  it  is  sometimes  found  in  working  out 
the  details  that  combinations  of  all  three  are  necessary. 

System  A  consists  of  a  number  of  small  auxiliary  lamps 
arranged  to  burn  normally  and  in  emergency  on  the  emergency 
source.  Since  the  lamps  are  kept  burning  continuously  and  are 
always  fed  from  the  emergency  source,  the  number  and  size  of  the 
lamps  must  be  kept  small  so  as  to  conserve  energy.  The  lamps 
therefore  cannot  be  used  to  supply  any  portion  of  the  normal 
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illumination  but  must  be  considered  as  auxiliary  or  supplementary 
to  the  normal  lamps.  Thus  each  gauge,  for  instance,  must  have 
two  lamps,  a  normal  and  an  emergency.  Local  switching  is  not 
provided  for  fear  the  lamps  will  be  turned  off  locally  at  the  time 
an  emergency  occurs.  The  feeders  are  sometimes  switched  at  the 
main  switchboard  and  the  operator  is  instructed  to  turn  otT  the 
lights  during  the  da}^  in  those  portions  of  the  station  which  do 
not  require  lighting  in  the  daytime.  This  emergency  system  being 
supplementary  to  the  normal  system  is  apt  to  be  robbed  of  lamps 
and  fu.scs  and  to  otherwise  become  deteriorated,  since  under 
normal  conditions  its  loss  is  not  felt.  The  system  therefore, 
requires  rigid  routine  testing  and  maintenance. 

System  B  consists  of  a  numl)er  of  small  auxiliary  lamps 
arranged  to  l)e  normally  dark  ))Ut  in  emergency  to  burn  on  the 
cnHTgcncy  source.  Somewhat  largiT  lamps  can  be  used  than  in 
systom  A,  since  they  burn  only  in  case  of  emergency,  but  as  in  A, 
all  gauges  and  other  vital  points  nuist  have  duplicate  lamps. 
Local  switching  is  not  desirable.  The  main  switeli  for  the  entin^ 
system  consists  of  a  contactor,  normally  held  open  by  a  potential 
coil  energized  from  the  normal  source,  but  automatically  c1os(m1 
by    energy    from    tii(;   emergency    source,    wh(>never    tlu*    normal 
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potential  fails.     This  being  a  supplementary  system,  requires  the 
same  rigid  routine  testing  and  maintenance  as  system  A. 

System  C  consists  of  a  carefully  selected  portion  of  the  normal 
lamps  to  be  designated  as  emergency  lamps  and  arranged  to  burn 
normally  on  the  normal  source  and  in  emergency  on  the  emergency 
source.  The  size  and  number  of  lamps,  as  with  system  B,  are 
limited  only  by  the  energy  available  at  the  emergency  source  for 
the  short  time  that  the  emergency  exists.  Moreover,  since  the 
lamps  burn  normally  on  the  normal  source,  no  duplication  of 
lamps  is  required  at  gauges  and  other  similar  places.  Local 
switching  can  be  provided  with  perfect  safety  because  the  emer- 
genc}^  lights  are  required  for  normal  operation  and  will  always  be 
switched  on  when  needed.  It  is  important,  however,  to  arrange 
the  switching  so  that  where  an  emergency  light  and  a  normal  light 
occur  in  the  same  room  for  instance,  both  lights  will  be  switched 
at  the  same  operation.  This  has  been  successfully  done  by  using 
a  two-pole  switch,  wiring  one  pole  in  the  emergency  circuit,  the 
other  in  the  normal  circuit.  Likewise,  in  a  large  interior,  such  as 
the  turbine  room,  a  'single  emergency  circuit  can  be  controlled 
simultaneously  with  a  number  of  normal  circuits  by  the  use  of  a 
double  pole  switch,  one  pole  of  which  controls  the  emergency 
circuit  directly,  the  other  the  normal  circuits  collectively  through 
a  contactor  cabinet.  The  main  switch  for  system  C  consists 
of  two  contactors  interlocked  so  as  to  form  a  double  throw  switch. 
Normally  the  switch  feeds  the  emergency  lights  from  the  normal 
source  but  in  the  event  that  the  normal  source  fails,  the  contactor 
is  automatically  thrown  over  by  energy  from  the  emergency  source 
so  as  to  feed  the  lamps  from  the  emergency  source.  The  action  is 
reversed  when  the  normal  potential  is  restored.  Since  with  this 
system  the  lamps  form  a  part  of  the  regular  lighting,  their  loss  is 
immediately  felt  and  therefore  this  system  is  more  likely  to  be 
properly  maintained  than  either  of  the  other  two  systems. 

EQUIPMENT 

All  equipment  including  cabinets,  switches,  receptacles,  lamps 
and  reflectors  should  be  of  especially  rugged  design  consistent 
with  the  reliability  required  of  the  lighting  system.  Rugged 
construction  can  be  obtained  by  the  use  of  heavy  conduit  and 
outlet  fittings,  cast  iron  outlet  boxes,  cast  iron  hoods  for  supporting 
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reflectors,  porcelain  enameled  steel  reflectors,  heavy  glassware, 
wire  guards,  rubber  and  steam  gaskets,  substantial  sockets,  positive 
locking  devices  on  all  screws  supporting  reflectors  and  other  similar 
devices.  Long  supporting  stems  should  be  made  flexible  by  the 
use  of  double  strip  flexible  steel  conduit  or  of  flexible  metallic 
steam  hose.  AHgners  or  flexible  joints  with  rigid  stems  also  give 
some  degree  of  flexibility.  Heavy  equipment  should  not  be 
supported  from  outlet  box  covers  but  should  be  attached  directly 
to  the  boxes  by  substantial  threaded  fittings. 

All  equipment  should  be  easy  to  clean,  relamp  and  maintain 
This  is  of  especial  importance  in  the  electrical  bay  where  the 
Hghts  are  sometimes  located  in  hazardous  places.  The  ceiling 
lights  in  the  tur])ine  room  are  reached  from  the  crane  and  it  is 
very  convenient  to  be  able  to  unhook  a  complete  unit  and  lower 
it  to  the  floor  for  cleaning. 

Steelware  is  generallv  used  in  the  boiler  house  and  condenser 
rooms  and  glassware  is  generally  used  in  the  turbine  room,  eloctnca 
bay  and  offices.     Glare  should  be  avoided  by  using  bowl  enameled 
lamps  in  all  open  reflectors  and  by  using  good  quahty  diffusing 
glassware  of  large  size  for  closed  units. 

Receptacles  of  the  marine  type  are  desirable  for  the  ash  room, 
boiler  room  and  condenser  room  and  are  often  used  throughout 
the  station  for  purposes  of  standardization.     The  screwed  cap 
excludes  dirt  and  moisture  when  the  receptacle  is  not  in  use 
Heater  receptacles  arc  often  required  in  hydroelectric  stations  aiu 
substations  where  steam  heat  is  not  available  and  in  electrical 
bays  of  steam  stations  where  steam  heat  is  objectionable.     It  is 
desirable   to   provide   tlure-wire   receptacles  so  that   the   heater 
frames  may  be  grounded. 

DESIGN    DATA 

In  some  pads  of  the  station,  such  as  the  turbine  room  and  the 
offices,  the  usual  llux  of  light  methods  of  design  can  b(^  api^hed  to 
advantage.  For  the  majority  of  the  station,  however,  the  ehief 
I>roblem  is  to  avoid  shadows  and  glare  and  to  locate  the  individual 
lights  effectively  with  respect  to  the  equipment  and  it  is  found 
that  the  efficiency  of  utilization  and  the  watts  per  s(i.  ft.  miv 
themselves  of  very  little  assistance. 
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TYPICAL    CROSS    SECTION 

STEAM  -  ELECTRIC    GENEBATTNG    STATION 

naooo  K.W  in^iallco  capacity 

13^00  VOLI 


BOKXR    Mouse  TURSINE     MMM  CLCCTIUCAl.     BMV 

Fig.  4 — Typical  Cross  Section  of  Steam  Electric  Generating  System. 


Figure  4  shows  a  cross  sectional  view  of  a  typical  coal  burning 
steam-electric  generating  station  of  100,000  kw.  installed  capacity, 
generating  and  delivering  energy  at  13,200  volts.  The  majority 
of  the  specified  problems  discussed  below  are  illustrated  in  this 
cross  section. 

The  design  data  given  are  typical  of  the  actual  conditions 
found  in  a  recent  survey  of  a  number  of  first  class  power  stations. 
The  illumination  intensities  are  the  direct  results  of  tests  made  in 
these  stations  with  a  Macbeth  illuminometer.  In  making  the 
tests  no  attempt  was  made  to  clean  or  renovate  the  lighting 
equipment  before  test,  and  the  intensity  values  recommended  are 
net,  depreciated  values.  It  is  expected  that  in  a  new  installation 
they  would  be  from  20  to  40  per  cent  higher  in  order  to  allow  for 
depreciation. 

Fundamental  design  data  compiled  from  a  number  of  repre- 
sentative steam  stations  comparable  to  the  one  illustrated  in 
Figure  4  are  as  follows: 
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Boiler 

Turbine 

Electrical 

Entire 

House 

Room 

Bay 

Station 

Lighted  Floor  Area,  sq.  ft. 

55,000 

45,000 

35,000 

135,000 

Number  Normal  Lights 

300 

250 

400 

950 

Number  Emergency  Lights 

120 

50 

140 

310 

Total  Number  Lights 

420 

300 

540 

1,260 

Connected  Normal  Watts 

31,000 

49,000 

33,000 

113,000 

Connected  Emergency  Watts 

8,500 

10,500 

1 1 ,000 

30,000 

Total  Connected  Watts 

39,500 

59,500 

44,000 

143,000 

Total  Watts  per  sq.  ft. 

0.71 

1.32 

1.26 

I  .06 

COAL   PILE   AND   YARD 

The  coal  pile  and  yard  are  not  unlike  any  industrial  plant 
yard.  Ordinary  operation  of  the  station  does  not  require  night 
work  in  the  yard  but  conditions  often  arise  which  make  night 
work  necessary  and  the  lighting  system  should  adequately  meet 
all  such  demands.  Emergency  lighting  is  seldom  used  in  the  yard. 
Either  flood  hghting  from  projectors  or  local  lighting  from  pole 
tops  can  be  successfully  applied.  The  former  is  generally  less 
expensive  to  install  and  more  easily  maintained.  The  boiler 
house  roof  and  the  coal  conveyor  house  offer  convenient  locations 
for  projectors.  Switching  should  be  located  in  the  boiler  house 
near  the  door  used  by  the  workmen.  It  is  convenient  to  use 
standard  lamps  in  the  projectors  and  to  select  them  of  the  same 
size  as  those  used  elsewhere  in  the  station. 

For  unloading  coal  and  conveying  coal  to  the  crusher,  an 
average  intensity  of  0.7  fc.  is  desirable.  With  1000  watt 
projectors  this  requires  about  o.i  watts  per  sq.  ft.  For  roadways, 
an  intensity  of  0.2  fc.  is  sufficient  and  with  200  watt  projectors 
this  requires  about  0.03  watts  per  sq.  ft. 

COAL    lUINKER    AND    CONVEYOR 

The  coal  bunker  and  conveyer  illustrated  in  Figure  5  is 
generally  the  dustiest  part  of  the  station.  The  coal  is  usually 
crushed  in  the  yard  and  conveyed  by  belt  or  bucket  up  over  the 
bunker  where  it  is  drojiped  into  the  buiikcT.  Th(^  (TUsIkt  house, 
the  conveyor  housing  and  the  bunker  are  usually  provided  with 
natural  light  during  the  day  when  most  of  the  work  is  |>(M*formed 
but  must  have  suflicient  electric  light  for  operation  at  night  in 
cases  of  necessity.  Emergency  lighting  is  reciuinui  onl>-  for  safe 
passage  and  should  constitute   15  per  cent   of  the  total  wattage. 
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Bare  lamps  are  often  used  but  better  results  are  obtained  by 
adding  porcelain  enameled  steel  reflectors.  Outer  globes  and  wire 
guards  should  be  used  where  there  is  danger  of  mechanical  injury. 
Lamps  should  be  located  within  easy  reach  for  cleaning  and  this  is 
an  important  consideration,  especially  over  the  bunker,  where  a 
fall  by  the  cleaner  might  be  very  serious.  Three-way  switching  is 
usually  necessary.  An  intensity  of  2  fc.  is  desirable  and  with 
75-  or  loo-watt  lamps  this  requires  0.5  watts  per  sq.  ft. 

FIRING   AISLE 

The  firing  aisle  illustrated  in  Figure  6  is  the  most  important 
part  of  the  boiler  house.  Here  are  located  the  water  columns, 
steam  gauges,  draft  gauges  and  the  controls  for  the  larry,  stokers, 
fans  and  auxiliaries.  In  many  stations  the  firing  aisle  receives  no 
DP.tural  light  although  the  present  tendency  is  to  dispose  of  the 
coal  bunker  at  the  end  or  middle  of  the  building  so  as  to  allow  a 
skylight  to  be  located  over  nearly  the  entire  length  of  the  firing 
aisle.  The  normal  fighting  should  be  adequate  for  operation  of  the 
boilers  both  night  and  day.  The  emergency  lighting  should  be 
sufficient  to  allow  full  operation  without  normal  lighting  which 
means  that  25  per  cent  of  the  general  lights  and  all  of  the  local 
fights  should  be  on  the  emergency  system.  If  general  overhead 
lighting  is  used  the  lamps  should  be  carefully  located  and  properly 
shielded  to  avoid  glare  in  the  eyes  of  the  operator  when  looking 
upward  at  the  water  columns  and  steam  gauges.  These  overhead 
lights  must  also  be  hung  above  the  larry  and  this,  of  course,  puts 
them  in  a  difficult  position  to  maintain.  On  account  of  these 
limitations,  it  is  sometimes  considered  satisfactory  to  leave  the 
upper  part  of  the  firing  aisle  generally  dark  with  strong  local  lights 
on  the  water  columns  and  gauges. 

The  water  column  being  located  some  30  ft.  above  the  floor 
but  at  the  same  time  requiring  constant  watching  by  the  operator, 
deserves  very  careful  consideration.  The  light  should  preferably 
be  directed  from  below  so  as  to  avoid  specular  reflection  from  the 
gauge  glass.  Moreover,  the  lighting  equipment  must  be  very 
rugged  in  order  to  withstand  the  severe  force  of  an  exploding 
water  glass.  Being  arranged  to  face  upward  it  must  have  some 
efficient  means  of  removing  the  dust  which  quickly  accumulates. 
The  water  column  illuminator  shown  in  Figure  7  has  been  found 


Fig.  s — Coal  Conveyor  and  Bunker. 
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well  qualified  for  this  severe  duty.  The  two  beams  of  light  from 
the  two  40-watt  lamps  are  focused  by  the  lenses  to  impinge  on 
the  meniscus  of  the  water  column  and  cause  it  to  glow  so  that  it 
can  be  readily  seen  from  any  part  of  the  firing  aisle.  A  series  of 
small  holes  on  the  casing  around  each  lens  are  arranged  for  con- 
nection to  the  station  compressed  air  system  or  to  the  forced  air 
duct  and  the  streams  of  air  effectively  prevent  the  accumulation 
of  dust.  The  device  has  always  proved  its  ability  to  \\athstand 
water  glass  explosions  due  to  its  general  rugged  construction  and 
to  the  special  heat-resisting  quality  of  its  lense. 

The  steam  gauge  which  is  some  20  ft.  above  the  floor,  the 
clock,  and  the  load  indicator  should  also  be  Hghted  from  below 
to  avoid  reflection.  Excellent  results  are  obtained  by  using  a 
single  40-watt  unit  of  the  water  column  illuminator  just  described. 

The  gauge  board  generally  contains  a  group  of  indicators  and 
gauges  and  is  successfully  lighted  by  one  or  two  75-watt  angular 
steel  reflector  units. 

The  stokers  and  drive  mechanisms  are  generally  located  under 
the  hoppers.  These  are  adequately  lighted  by  75-watt  angular 
reflectors  hung  from  the  hoppers.  The  walkway  over  the  hoppers 
and  the  tops  of  the  hoppers  themselves  should  be  well  lighted 
since  this  walkway  is  provided  for  the  use  of  the  operator  while 
inspecting  the  contents  of  the  hoppei-s  and  breaking  up  masses 
of  coal  that  may  become  clogged.  Deep  bowl  or  RLM  units 
of  loo-watt  size  are  satisfactory.  They  should,  of  course,  be 
switched  locally  so  as  to  be  dark  always  except  when  actually 
required  for  the  al)ove  mentioned  operations. 

The  larry  requires  one  or  more  75-watt  deep  bowl  or  angular 
reflectors  in  the  cab  to  light  the  controls  and  weighing  scales.  It 
is  also  desirable  to  supply  one  or  two  loo-watt  angk^  reflector 
units  for  each  chute  to  light  the  end  of  the  chute  and  tlu^  hojiper 
(luring  tlic  dumping  process.  Th(^  lights  on  the  larry  iwv  gcMUTally 
wired  in  series  circuits  so  as  to  be  f(>d  from  the  larry  motor  circuit. 

At  the  throat  of  the  bunker  one  or  more  75-watt  reflector 
unit.s  may  bo  used  advantageously  to  assist  the  operator  in  oixMiing 
the  gates  and  discharging  coal  into  the  larry. 

RFTWKKN    AND    H.\CK    OK    HOILKHS 

Hetween  the  boilers  and  back  of  the  boiK^rs  the  passafCGS 
require  suflicient  lighting  to  allow  the  o|KTators  perfect  freedom 
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about  the  station.  The  emergency  lighting  should  constitute 
20  per  cent  of  the  total  wattage.  Stoker  drives  which  may  be 
between  boilers  and  important  valves  which  are  often  behind  the 
boilers  require  particularly  good  emergency  lighting.  These 
passages  are  satisfactorily  lighted  with  loo-  or  150- watt  RLM 
units.  An  average  intensity  of  3  fc.  is  desired  and  this  requires 
0.6  watts  per  sq.  ft. 

OVER   BOILERS 

Over  the  boilers  are  walkways  for  inspecting  the  boiler  tops, 
safety  valves  and  water  columns  and  for  operating  non-return  and 
other  valves.  The  emergency  lighting  should  provide  for  safe 
passage  over  the  walkways  and  for  operation  of  the  non-return 
valves.  Generally  50  per  cent  of  the  walkway  hghting  should  be 
on  the  emergency  system.  Lights  located  over  the  boilers  should 
be  well  back  from  the  firing  aisle  so  as  to  avoid  glare  in  the  eyes 
of  the  operator  below.  They  should  also  be  switched  locally  since 
they  are  only  needed  occasionally.  Generally  a  loo-watt  RLM 
unit  over  each  boiler  is  sufficient.  For  the  walkway  over  the 
front  of  the  boilers  and  also  for  the  walkway  at  the  back  of  the 
boilers  50-watt  marine  brackets  may  be  used  with  outer  globes 
and  wire  guards.  Those  for  the  front  walkways  should  be  located 
close  against  the  columns  on  the  side  away  from  the  firing  aisle 
so  as  not  to  interfere  with  the  reading  of  the  water  gauges. 

ASH   ROOM 

The  ash  room,  Figure  8,  presents  a  peculiar  problem  because 
most  of  the  equipment  to  be  operated  is  on  the  ceiling.  The 
railroad  cars  are  pushed  under  the  ash  hoppers,  the  hopper  gates 
are  opened  and  the  ashes  drop  into  the  cars.  The  ashes  are 
generally  mixed  with  water  so  that  the  lighting  equipment  is 
likely  to  be  injured  by  steam  and  acid  as  well  as  by  dust.  Emer- 
gency lighting  is  required  only  for  passage  and  should  constitute 
15  per  cent  of  the  total  wattage.  Since  dayUght  is  generally 
excluded  from  the  ash  room,  some  of  the  lamps  should  burn  con- 
tinuously. Enameled  steel  angle  reflector  units  of  100-  to  1 50- 
watt  size  or  smaller  units  of  the  totally  enclosed  and  wire  guarded 
marine  type  are  found  satisfactory  depending  upon  conditions. 
They  should  be  located  so  as  to  light  the  controls  without  causing 
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glare  in  the  eyes  of  the  workmen.  The  forced  draft  duct  often 
occupies  the  center  bay  and  under  this  should  be  located  75-  or 
loo-watt  RLM  units  for  general  illumination.  Receptacles 
should  be  used  to  facilitate  repair  work  and  the  ash  room  is  one 
of  the  places  where  marine  type  receptacles  are  necessary.  The 
ash  room  lights  should  be  switched  locally  at  the  columns  since 
work  is  done  only  in  portions  of  the  room  at  a  time. 

TURBINE    ROOM 

The  turbine  room,  Figure  9,  presents  the  large  interior  problem. 
The  crane  spans  the  entire  room  and  ceiling  hghts  must  be  located 
above  the  crane  trolley.  Bracket  hghts  if  used  must  be  close  to 
the  walls  to  avoid  the  crane  hook.  The  horizontal  component 
of  illumination  is  important  in  order  to  read  the  vertical  gauges. 
During  normal  operation  an  average  horizontal  intensity  of 
4  fc.  is  sufficient  but  when  a  generating  unit  is  down  for  repairs 
an  intensity  of  8  fc.  is  desirable.  Consequently  a  flexible  switching 
arrangement  is  needed.  A  very  convenient  switching  arrangement 
consists  of  one  or  more  cabinets  with  branch  switches  and  with 
magnetically  operated  main  switches.  The  lighting  for  the  entire 
room  is  controlled  by  one  or  two  pilot  switches  and  the  amount 
of  illumination  is  varied  by  adjusting  the  branch  switches.  Emer- 
gency lighting  should  be  provided  to  give  an  average  of  2  fc. 
which  under  stress  of  necessity  will  permit  full  operation.  With 
prismatio  reflector  units  of  7 50- watt  size  and  with  light  buff 
colored  brick  walls  it  is  found  that  an  intensity  of  4  fc.  requires 
0.5  watts  per  sq.  ft. 

CONDKNSEK    FLOOR 

The  condenser  floor  often  presents  some  confusion  in  the*  mind 
of  the  lighting  designer.  The  turbine  usually  r(\sts  on  a  platform 
isolated  from  the  rest  of  the  building  and  standing  on  its  own 
f()un(iatif)n.  I'nder  and  around  the  turbine  platform  are 
assembled  the  various  station  auxiliaries,  such  as  puin|)s.  fans, 
valves  and  controls.  Th(»  lights  in  general  nnist  be  hung  from 
the  turbine  platform  or  supported  from  the  condenser  and  must 
Ik'  located  below  the  mass  of  large  and  small  |)ip(\s  that  oftcMi 
occupy  most  of  the  space  overhead.  Parts  of  the  condiMiser  floor 
are  sometimes  lighted  naturally  but  often  tiie  entire  room  receive.'^ 
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no  daylight.  Constant  supervision  of  the  auxiliaries  is  a  vital 
part  of  the  station  operation.  Emergency  lighting  should  con- 
stitute 20  per  cent  of  the  total  wattage.  Local  switching  should 
be  provided  so  that  lights  may  be  turned  out  around  machines 
which  are  shut  down.  Receptacles  are  needed  frequently  for 
inspection  and  repair  work  and  should  be  of  the  waterproof  type. 
With  RLM  enameled  steel  reflectors  and  loo-  or  150-watt  lamps 
it  is  found  that  an  intensity  of  4.0  fc.  requires  0.75  watts  per 
sq.  ft.  of  working  space. 

BATTERY   ROOM 

The  battery  room  requires  acidproof  equipment.  It  is  custom- 
ary to  use  a  totally  enclosing  prismatic  reflector  which  screws 
into  a  cast-iron  box  embedded  within  the  ceiling  concrete  so  that 
only  the  glass  itself  is  exposed  to  the  action  of  the  acid-laden 
fumes.  The  switch  is  placed  outside  and  no  receptacles  are 
provided.  Emergency  lighting  should  constitute  25  per  cent  of  the 
total  wattage.  Battery  rooms  have  sometimes  been  painted 
black  but  this  is  unnecessary  since  light-colored  acid-resisting 
paints  are  now  available.  With  light  gray  walls  and  ceiling  and 
with  75-watt  lamps  in  totally  enclosing  prismatic  reflectors,  it  is 
found  that  a  density  of  i.o  watt  per  sq.  ft.  gives  an  intensity  of 
4.5  fc.  which  is  considered  satisfactory. 

BUS   ROOM 

The  bus  room  which  is  purely  a  bus  room  without  switches 
or  other  operative  equipment  does  not  present  a  serious  problem. " 
The  lighting  should  provide  for  reading  the  captions  over  the 
cells  and  for  inspecting  and  cleaning  the  insulators  and  copper 
work.  In  order  to  effectively  light  the  spaces  between  the 
horizontal  barriers,  it  is  advisable  to  hang  the  lamps  on  stems,  to 
use  diffusing  glassware  and  to  provide  light  colored  walls.  Where 
stems  can  not  be  used,  receptacles  for  portable  lamps  should  be 
provided.  Local  switching  is  desirable  and  also  three-way 
switching  when  the  room  is  entered  from  both  ends.  Emergency 
lighting  is  needed  only  for  safe  passage  and  should  constitute 
20  per  cent  of  the  total  wattage.  An  illumination  of  3  fc.  on  a 
horizontal  30"  plane  and  of  1.5  fc.  on  the  face  of  the  bus  structure 
is  desirable.     With  white  walls  and   ceiling  and   with   75-watt 
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prismatic  units,  this  requires  1.25  watts  per  sq.  ft.  With  red 
brick  or  concrete  walls  and  bus  structure  the  wattage  per  sq.  ft. 
would  need  to  be  increased  to  1.75. 

SWITCH    ROOM 

The  switch  room,  Figure  10,  generally  contains  oil  circuit 
breakers  and  disconnecting  switches.  This  equipment  requires 
very  close  supervision  and  careful  inspection.  The  disconnecting 
switches  are  often  opened  and  closed  manually  by  means  of  a 
wooden  pole  with  a  hook  on  one  end  which  is  inserted  into  a  ring 
or  eye  on  the  switch  blade.  For  normal  operation  the  most 
exacting  requirements  of  the  hghting  system  are  to  provide  for 
clear  reading  of  the  captions  over  the  compartments  and  for 
operation  of  the  disconnecting  switches.  For  maintenance  the 
lighting  should  cover  the  breaker  mechanisms  and  all  insulators 
and  copper  work.  Receptacles  should  also  be  provided  for 
extension  lamps  for  inspecting  the  inside  of  the  breaker  cells. 
Local  three-way  switching  is  desirable.  Emergency  lighting 
should  be  sufficient  for  operation  and  should  constitute  30  per  cent 
of  the  total  wattage.  It  is  very  important  that  the  operator 
shall  not  become  confused  as  to  the  particular  conductors  and 
equipment  constituting  the  circuit  he  wishes  to  find,  and  as  an 
assistance  to  him  the  barriers  separating  circuits  are  generally 
striped  in  a  pronounced  color.  The  compartments  are  from 
5  ft.  to  7  ft.  wide.  It  greatly  assists  in  the  marking  of  the  com- 
partments if  the  lamps  are  placed  regularly  with  respect  to  the 
compartments;  that  is,  on  the  beams  between  the  compartments 
or  in  the  centers  of  compartments.  Good  diffusion  should  be 
obtained  by  the  use  of  difTusing  glassware  and  light  walls. 

Among  the  many  arrangements  of  (equipment  found  in  th(^ 
switch  room,  two  typical  cases  deserve  spcM-ial  considiMation, 
namely,  subcell  disconnecting  switches  and  ceiling  disconneeling 
switches.  Generally  the  room  is  so  narrow  that  ceiling  lights 
do  not  adecpiately  illuminate  the  subcell  disconnecting  switches 
and  wall  lights  are  necessary.  The  wall  lights  should  in-  local (m1 
either  on  center  lines  of  compartments  or  between  compartments. 
With  concrete  walls  and  barriers,  and  with  loo-watt  prismatic 
reflector  units  on  the  ceiling  sj)ace(l  14  ft.  apart  and  50-watt 
totally  enclosed  guarded  units  on  the  walls,  spac(>(i  7  ft.  apart, 
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the  intensity  on  a  horizontal  30-inch  plane  is  4  fc.  on  the  vertical 
front  edge  of  the  cell  top  2  fc.  and  on  the  disconnecting  switches 
1.5  fc,  and  these  valves  are  very  satisfactor3^ 

With  disconnecting  switches  on  the  ceiling  the  only  logical 
location  for  lights  is  on  the  beams  between  compartments.  Need- 
less to  say,  a  very  mild  well  diffused  light  should  be  provided  by 
the  use  of  small  lamps,  good  quality  closed  bottom  diffusing 
glassware,  and  white  walls.  The  best  results  are  obtained  by 
using  one  unit  under  each  beam  which  brings  the  spacing  5  ft.  to 
7  ft.  If  the  barriers  are  painted  white,  50-watt  units  are  satis- 
factory. If  the  barriers  are  of  gray  concrete  or  red  brick,  75-watt 
units  are  needed. 

CABLE   ROOM 

The  problems  presented  by  the  cable  room  are  somewhat 
similar  to  those  of  the  bus  and  switch  rooms.  Generally  consider- 
able work  is  done  in  the  cable  room  in  connection  with  testing 
and  altering  cables  and  the  lighting  should  be  designed  with  this 
in  mind.  Local  switching  is  desirable.  Emergency  lighting  is 
needed  only  for  passage. 

SWITCHBOARD   ROOM 

The  switchboard  room  is  the  control  point  for  the  entire 
electrical  portion  of  the  station  and  should  be  perfectly  hghted 
at  all  times.  Emergency  lighting  is  probably  more  important  in 
this  room  than  in  any  other  part  of  the  station.  It  should  con- 
stitute 30  per  cent  of  the  total  wattage  and  in  all  cases  should 
cover  the  entire  switchboard.  The  meters  and  instruments  are 
arranged  on  vertical  boards  and  the  controls  are  arranged  on 
either  vertical  boards  or  benchboards.  The  chief  requirement  of 
the  lighting  is  to  provide  uniform,  soft  illumination  on  these 
instruments  and  controls  and  to  avoid  reflection  and  glare  from 
the  instrument  cases.  Two  general  schemes  of  switchboard  room 
lighting  are  in  successful  use  and  deserve  mention :  one  from  visible 
sources,  the  other  from  concealed  sources. 

Switchboard  room  illumination  is  from  visible  sources.  The 
prismatic  reflectors  and  bowl  enameled  lamps  are  mounted  in 
front  of  and  above  the  board,  the  position  being  designed  to  avoid 
direct  reflection  from  the  meters.     With  a  light  colored  ceiling  and 
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using  loo-watt  lamps  a  density  of  0.75  watts  per  sq.  ft.  gives  an 
intensity  of  3.5  fc.  on  a  horizontal  30-inch  plane,  and  2.5  fc.  on 
a  vertical  plane  through  the  instrument  scales. 

Switchboard  room  lighting  from  concealed  sources  has  been 
accomplished  by  two  methods,  first  by  the  use  of  a  diffusing  glass 
ceiling  and  second  by  the  use  of  a  prismatic  glass  ceiling.  In  either 
case  the  ceiling  is  lighted  during  the  daytime  by  a  skylight  located 
directly  over  the  ceiling  and  at  night  by  prismatic  reflectors  and 
clear  lamps  hung  between  the  ceiling  of  the  skylight.  In  the  first 
method  the  lamps  are  so  placed  as  to  direct  the  light  obliquely  to- 
ward the  switchboard  and  the  glass  is  simply  of  the  diffusing  or 
ripple  type  and  serves  to  hide  the  sources.  In  the  second  method, 
which  is  illustrated  in  Figure  11,  the  light  from  the  skylight  and 
from  the  lamps  is  considered  to  reach  the  glass  ceiling  in  a  generally 
vertical  direction  and  the  glass  is  designed  to  redirect  the  light 
obliquely  against  the  switchboards.  The  glass  is  smooth  on 
top  and  prismatic  on  the  bottom.  It  is  realized,  of  course,  that 
better  results  can  be  obtained  by  placing  such  glass  with  the 
prisms  upward  or  probably  still  better  results  by  using  glass  with 
prisms  on  both  sides.  The  difficulty  of  keeping  the  upper  surface 
of  the  glass  clean  if  other  than  smooth,  however,  is  thought  to 
outweigh  the  advantages  of  having  prisms  on  the  upper  side.  The 
wattage  required  is  practically  the  same  for  either  kind  of  glass. 
With  prismatic  reflectors  and  75-watt  clear  lamps  a  density  of 
3.5  watts  per  sq.  ft.  of  glass  ceiling  will  give  under  the  glass  ceiling 
an  intensity  of  8  fc.  on  a  horizontal  30-inch  plane  and  of  3  fc. 
on  a  vertical  plane  through  the  instrument  scales  and  these  values 
are  very  satisfactory. 

OFFICES 

The  g('ii(M:il  offices  n*(juin'  no  particular  departure  from 
commonly  accepted  good  office  ligliting  practice.  The  load 
dis[)at('}i(T's  office,  however,  re(iuires  sufficient  emergency  ligliting 
for  satisfactory  operation  witlioiit  tlie  normal  figliting.  Tlu^  load 
dispatcher's  office  usuall}'  contains  a  mimic  s\vitclil)()ard  or  system 
(liagram  wliicfi  requires  sp<M'ial  fighting  eitlier  l)y  means  of  general 
ligliting  on  its  front  surface  or  l)y  means  of  miniature  lamps  used 
to  indicate  switching  operations. 
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OUTDOOR   STATION 

The  lighting  of  the  outdoor  station  must  usually  provide  for 
the  manual  operation  of  disconnecting  switches.  Emergency 
lighting  is  seldom  required. 

Being  an  open  structure  the  outdoor  station  can  be  lighted  by 
projectors  or  flood  lights  when  suitable  supports  are  available  for 
the  light  sources.  Care  must  be  exercised,  of  course,  to  locate  the 
lights  so  that  they  will  not  blind  the  operator.  It  is  also  desirable 
to  have  the  lights  scattered  so  as  to  avoid  shadows. 

A  second  method  which  has  proved  successful  uses  totally 
enclosed  diffusing  glassware  in  weatherproof  fittings.  An  example 
is  shown  in  Figure  12.  As  with  the  indoor  switch  room,  it  is  very 
important  to  have  the  lamps  small  in  proportion  to  the  glassware 
and  to  provide  glassware  of  good  quality  so  as  to  avoid  glare. 

DISCUSSION 

F.  C.  Caldwell:  Mr.  Chairman,  in  line  with  what  the  Pres- 
ident has  just  said,  the  Dayton  Power  &  Light  Company  have 
added  one  more  feature  to  the  lighting  of  their  power  station.  As 
an  example  of  how  it  should  be  done  they  wanted  the  public  to  see 
a  well  lighted  plant.  Consequently,  they  had  in  mind  in  the  ar- 
rangement of  their  lighting  the  effect  produced  at  night,  from  the 
outside,  and  lighted  up  the  rooms  and  windows  so  that  passers-by 
could  see  a  brilliantly  lighted  building. 

Julius  Daniels:  There  is  one  thing  I  want  to  mention:  I 
hope  that  in  the  designing  of  the  installation  of  a  central  station 
power  plant,  sufficient  provision  is  made  for  a  sign  on  the  station 
buses.  A  sign  load  for  a  station  of  100,000  K.  V.  should  be  approxi-. 
mately  75  kilowatts  and  that  should  go  on  the  station  lighting 
service. 

Another  point  that  came  to  my  mind  was  that  sufficient 
lighting  should  be  furnished  in  back  of  the  switchboard  so  that  the 
secondary  wiring  can  be  tested  and  checked. 

H.  T.  Plumb:  In  connection  with  the  last  speaker's  remarks, 
I  have  in  mind  a  station  where  we  flood-lighted  the  outside  of  the 
building  so  that  people  could  see  it  for  miles  in  every  direction. 

In  the  pictures  shown,  it  seems  to  me  there  is  a  great  deal  of 
glare  present  in  some  positions.  For  example,  when  the  man  was 
looking  at  the  switchboard  instruments,  there  were  some  glaring 
fixtures  hanging  back  of  the  switchboard. 
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All  such  things  can  be  avoided  by  suspending  the  fixtures 
behind  beams,  or  by  dropping  boards  between  the  operator  and  the 
fixtures. 

Davis  H.  Tuck:  (Communicated)  For  illuminating  coal 
crushing  and  pulverising  equipment,  where  there  is  an  excessive 
amount  of  black  dust  in  the  air,  there  has  been  developed  a  gas 
tight  prismatic  refractor  unit  having  a  symmetrical  or  as3'm- 
metrical  distribution.  The  refractor  has  a  closed  bottom  and  is 
held  in  a  gasketed  chamber  so  that  the  only  exposed  surface  is 
smooth  glass.  The  lamp  bulb  and  inner  surface  of  the  refractor  is 
thus  protected  from  the  coal  dust  by  a  gas  tight  chamber. 

For  lighting  turbine  rooms  where  the  lights  must  be  placed 
above  the  craneways  and  where  there  is  a  switch  room  balcony  on 
an  approximate  level  with  the  craneway,  prismatic  intensive  type 
reflector  units  similar  to  those  described  by  Mr.  Hopkins,  have 
been  built  with  an  aluminum  cover  spun  over  the  reflector,  so  that 
the  transmitted  light  in  the  direction  of  the  switch  room  is  cut  off 
but  the  transmitted  light  to  the  ceiling  is  allowed  to  pass  through. 
Such  an  installation  is  in  operation  in  the  New  Colfax  Station  of 
the  Duquesne  Light  Company,  Pittsburgh.  This  installation  was 
designed  by  the  D.  P.  Robinson  Company  to  eliminate  the  glare 
from  the  switch  balcony  and  at  the  same  time  maintain  the  day- 
light effect  given  by  the  indirect  component  of  light  to  the  ceiling. 

A  method  of  installing  lighting  units  has  been  used  which 
makes  maintenance  easy.  Tyi)(*  T  conchilets  are  used  and  the 
downward  U*g  terminates  in  a  hook.  The  stem  of  the  unit  termin- 
ates in  a  loop  and  a  piece  of  reinforced  cord  is  used  to  plug  in  the 
unit  on  the  condulet  cover.  The  unit  is  unhooked,  the  plug  i)ulled 
and  the  entire  lighting  fixture  is  lowered  to  the  floor  for  cleaning. 
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SYNOPSIS:  During  the  last  decade  the  application  of  artificial  light  in  the  Iron  and  Steel 
Industry  has  undergone  marked  changes  with  a  distinct  trend  toward  betterment.  The  modern 
incandescent  lamp  has  rapidly  displaced  other  forms  of  illuminants  and  in  conjunction  with 
modern  reflecting  equipment  is  today  recognized  standard.  Altho  much  of  the  work  involved 
in  this  industry  is  of  a  rough  nature  and  does  not  necessitate  lighting  intensities  of  a  relatively 
high  magnitude,  the  requirements  are  nevertheless  far  from  unimportant.  Chief  among  the 
credits  to  the  account  of  modern  lighting  are  safety  insurance  and  the  twenty-four  hour  day, 
attended  by  the  successful  coping  with  keen  competition  and  the  affection  of  economies  in 
production. 

The  selection  and  application  of  equipment  for  the  various  areas  embraced  in  plant  struc- 
ture are  exceptionally  important  problems,  dictating  as  they  do  the  success  or  failure  of  the 
resultant  illuminating  effect. 

In  this  paper  the  requirements  of  the  various  sections  and  operations  are  treated  in  detail, 
recommendations  being  offered  as  to  the  best  practice.  Photographs  illustrating  the  applica- 
tion of  the  modern  principles  discussed  accompany  the  text. 

INTRODUCTORY 

The  information  embodied  in  this  paper  is  based  on  an  in- 
vestigation and  analysis  of  existing  conditions  in  twelve  of  the 
leading  steel  mills  located  in  the  Pittsburgh,  Youngstown  and 
Chicago  Districts.  In  view  of  the  number  of  mills  surveyed,  their 
diversified  location  and  their  standing  in  this  field  of  manufacture 
it  is  believed  that  the  data  presented  may  be  considered  as  fair 
criteria  of  the  practice  in  the  industry  as  a  whole. 

The  basic  objectives  of  the  investigation  were  to  study  building 
structure,  manufacturing  operations  and  general  working  conditions 
from  the  standpoint  of  lighting  requirements;  to  determine  the 
type  of  lighting  equipment  in  present  usage,  to  ascertain  the  light- 
ing intensities  employed  and  to  compare  these  values  with  those 
reported  in  the  previous  surveys.  It  was  further  desired  to  analyze 
the  suitability  of  the  lighting  equipment  used  and  intensities  in 
vogue  with  a  view  toward  confirming  their  application  or  suggest- 
ing revisions  if  such  procedure  seemed  advantageous. 

♦A  Paper  presented  before  the  Annual  Convention  of  the  Illuminating  Engineering 
Society,  Lake  George,  N.  Y.,  September  24-28,  1923. 

♦♦Edison  Lamp  Works  of  G.  E.  Co.,  Harrison,  N.  J. 

The  Illuminating  Engineering  Society  is  not  responsible  for  the  statements  or  opinions 
advanced  by  contributors. 
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In  establishing  a  view  point  for  the  consideration  of  this  dis- 
cussion it  should  be  noted  that  steel  manufacture  as  now  practised 
is  essentialh'  a  twenty-four  hour  process.  This  is  necessarily  so 
for  economic  reasons.  Very  hot,  even  to  the  point  of  incandescence, 
and  moulten  metal  of  great  bulk  enters  into  most  processes,  and 
only  thru  the  maintenance  of  temperatures  and  eUmination  of 
appreciable  reheating  is  fuel  consumption  and  production  time — 
in  a  word,  cost — kept  within  present  low  hmits. 

STRUCTURAL  CONDITIONS 

To  fully  understand  the  hghting  requirements  of  any  industry' 
it  is  necessary  to  become  familiar  with  the  structural  arrangements 
enclosing  or  affecting  the  areas  to  be  Hghted. 

The  working  areas  of  the  typical  mill  may  be  divided  into  two 
broad  classes,  as  (i)  Exterior, 
(2)  Interior, 

The  former  consists  of  the  throughfares  and  yards  and  the 
latter  all  enclosed  or  covered  operations.  These  two  groups,  for 
the  purpose  of  discussion  and  further  anah'sis,may  be  subdivided. 
The  exterior,  with  regard  to  the  activities  within  the  areas  in- 
volved, as 

(i)  Throughfares, 

(2)  Active  Working  Areas, 

(3)  Storage  Areas. 

The  interior,  with  regard  to  the  grad(^  of  work  carried  on  as 
(i)   Rough, 

(2)  Medium  rough, 

(3)  Medium, 

(4)  Fine.     See  Table  I 

All  exterior  work  may  be  includ(Ml  under  the  first  classification. 

The  tlioroughfares  about  the  steel  mill  are  of  three  types;  foot, 
vehicle  and  railroad,  the  former  are  usually  beaten  earth  or  ciiuhT 
patlbs  leading  from  building  to  building  and  from  on(^  point  in  the 
yards  to  another.  These  paths  cross  railroad  tracks,  wind  between 
buildings,  ])iisH  storage  j)iles,  {iun»i)s,  etc.,  and  there  exists  an  cvvr 
present  possibility  of  obstructions  being  cast  in  the  route  of  the 
unsuspecting  jx'destrian.  The  vehicle  ro.uls  are  of  much  the  same 
character  iih  the  foot  paths,  though  of  course  widiM-.  Tlu^  railroad 
tracks  are  connecting  :irteries  between   vnrions  y.ird   points  and 
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buildings,  providing  a  line  of  travel  for  locomotive  cranes,  switch- 
ing engines,  ingot,  ladle,  stock  and  freight  cars  etc.  Considerable 
switching  is  involved  in  the  handling  of  traffic,  the  burdens  carried 
are  often  of  a  treacherous  nature  such  as  brimful  ladles  and  red 
hot  ingots,  and  danger  lurks  at  every  crossing  and  curve. 

The  active  working  areas  of  the  typical  mill  yard  include  such 
sections  as  the  ore  dumps,  stock  piles,  skull  cracker  yards,  mould 
yards  and  in  some  cases,  cooling  tables  and  loading  and  shipping 
yards.  The  actual  work  in  these  areas  is  of  a  rough  but  usually 
hazardous  nature  as  stumbling  obstructions  are  common  and 
cranes  are  constantly  moving  about  with  loads  of  material. 

The  activities  on  the  thoroughfares  and  within  the  active 
working  areas  are  practically  as  intense  during  the  hours  of  dark, 
ness  as  during  daylight. 

The  storage  areas  are  those  sections  set  aside  for  the  dead  stor- 
age or  surplus  stocks  of  coal,  scrap  iron,  etc. 

Interior  conditions  in  steel  mills  are  far  different  than  those 
encountered  in  any  other  industry.  The  buildings  housing  what 
have  been  termed  the  rough  and  medium-rough  operations  are 
usually  very  large,  covering  considerable  ground  area — the  widths 
commonly  range  from  30  to  100  ft.  the  lengths  from  100  to  600 
ft,,  and  the  heights  from  floor  line  to  roof  trusses  from  25  to  60 
ft.  The  roofs  are  invariably  of  the  steel  truss  supported  monitor 
type.  Heavy  duty  overhead  cranes  traverse  most  of  the  buildings 
and  are  in  almost  constant  operation  carrying  heavy  machine  parts, 
stock,  and  incandescent  and  hot  metal  in  bars  and  ladles.  The 
atmosphere  within  these  buildings  is  almost  constantly  charged 
with  steam,  created  by  water  in  contact  with  the  hot  rolls  and  metal 
and  rising  from  the  water  jackets  of  furnaces,  together  with  graph- 
ite particles  from  the  converters  and  much  smoke,  ore,  and  fuel 
dust.  Also  by  virtue  of  these  same  conditions  equipment  and  sur- 
roundings— floors,  walls  and  ceiling — are  dark  and  sooty  making 
them  decidedly  ineffective  from  the  standpoint  of  light  reflection. 

The  machinery  and  equipment  is  usually  widely  spread  out 
covering  a  considerable  part  of  the  floor  area  with  various  parts 
projecting  here  and  there  about  the  areas  traversed  by  the  workers. 
The  transfer  rolls,  cooling  tables  and  many  of  the  active  machine 
parts  are  located  at  a  waist  high  position.  The  footing  is  usually 
rough,  the  floor  area  being  broken  up  by  machine  parts  and  material 
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either  permanently  located  or  strewTi  about  during  the  processes 
involved  in  manufacture.  Narrow  bridges  with  steep  abi-upt 
approaching  steps  or  tunnels  entered  by  steep  narrow  stairways 
afford  the  common  means  of  crossing  from  one  side  of  the  buildings 
to  another.  In  furnace  buildings  the  equipment  is  usually  hned 
along  the  sides,  the  central  floor  area  being  occupied  by  charging 
materials,  charging  machinery  and  the  various  equipment  used  in 
processing. 

Those  buildings  housing  operations  of  what  are  classed  as  a 
medium  nature  are  much  the  same  in  their  general  construction  and 
arrangement  as  those  described  above  but  the  surroundings  are 
usually  somewhat  lighter  and  the  atmosphere  less  fogged,  the  work 
of  this  class  usually  involving  the  handling  and  working  of  cold 
metal. 

Those  operations  classed  as  fine  are  rather  distributed  in  loca- 
tion, some  of  them  such  as  certain  kinds  of  inspection  work  being 
carried  on  directly  adjacent  to  the  manufacturing  processes  while 
others,  such  as  tin  plate  sorting,  are  most  frequently  handled  in 
typical  medium  sized  factory  buildings. 

CLASSIFICATION  OF  PROCESSES 

The  following  tabulation  (Table  I)  gives  the  author's  conception 
of  the  proper  classification  of  areas  and  operations  under  the  head- 
ings previously  mentioned. 

Rough  operations  may  be  defined  as  those  recjuiring  no  dis- 
crimination of  detail  and  involving  the  handHng  of  only  bulky 
materials. 

TABLE  I 

Classification  of  Iron  and  Stkkl  Mill  Work  with  Regard  to  Visual 

IlEQUIUKMENTa 


Rough 

YardH 

Thorouj^hfiircs 
Stock  Housf'H 
Open  Heart  tiH 
SoukiriK  I'itH 
RchciitiMn  FurnacrH 
Puddling  FurnacrH 


Modium  Rough 

Blast  Furnaces 
Cast  II()Us<-8 
Mixiiif^  Iloiisoa 
Bessemer  Sheds 
Stripping;  Sheds 
HlooiniiiK  Mill.s 

Strurturai  ^  Hail  Mills    Nail  Making 
Annealing  Furnaces     Hounh  Shearinn  PirklinK 

Hod  d'  TuIm'  Mills  Tinning 

Hot  Sheet  MiHh  Ma<'hine  Shops 

Cooling  Tables  Tower  Hoiis«>h 

Warehouses 


Meilium 

Fino 

(^hipping 

Tin  Plate 

(Jold  ]^)lli^c: 

Sorting 

Close  Shearing 

anil 

General  InsjH'ction 

InsjHTting 

Wire  HrawitiK 

I'ipe  ThreadinR 
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Work  classed  as  Medium  rough  is  that  involving  some  discrimi- 
nation of  detail  but  not  of  a  close  or  accurate  nature  and  applying 
in  general  to  the  manipulation  of  hot  metals. 

Medium  operations  are  those  requiring  comparatively  close 
discrimination  of  detail  and  in  general  the  processing  of  cold  metal. 

Fine  work  is  that  involving  close  application  and  accurate 
visual  perception  as  is  required  for  inspection. 

ESSENTIAL  FEATURES  OF  OPERATION 

The  following  brief  sketch  of  the  essential  points  of  the  manu- 
facturing processes  and  their  visual  requirements  is  given  so  that 
knowledge  will  be  had  of  all  conditions  bearing  upon  the  problem  of 
light  application.  Attempt  has  not  been  made  to  give  a  complete 
explanation  of  the  theory  and  processes  involving  as  such  is  not 
within  the  scope  of  this  paper. 

The  function  of  the  thoroughfares  has  already  been  fully 
covered.  Workers  must  be  able  to  find  their  way  about  with 
celerity  and  safety,  stored  material,  tracks,  crossings  and  obstruc- 
tion should  be  easily  visible.  Vehicle  roadways  should  be  clearly 
defined  to  permit  the  rapid  movement  of  automobiles  and  tracks 
should  be  lighted  so  as  to  facilitate  the  identification  and  switching 
of  cars. 

Ore  dumps  or  as  they  are  sometimes  termed  yards  or  stocks  are 
in  reality  stock  piles  to  which  ore  is  brought  (from  the  mines)  by 
boat  or  rail  unloaded  by  various  mechanical  means,  conveyors, 
grab  buckets  or  car  dumpers,  and  from  which  the  ore  is  taken  to  the 
stock  houses  by  ore  bridges  or  skip  hoists.  Sufficient  light  must 
be  provided  for  the  operation  of  ore  handhng  mechanism  and  the 
movement  of  cars. 

In  the  skull  cracker  yards  the  scrap  steel  used  in  the  furnace 
charges  is  broken  up  to  suitable  sizes  by  the  dropping  of  a  large 
heavy  steel  ball,  this  being  handled  by  a  magnetic  lift  crane  con- 
trolled by  an  operator  located  in  the  crane  cab.  The  scrap  is  also 
picked  up  and  loaded  in  cars  for  transit  to  the  furnaces  and  stock 
houses.  The  crane  operator  must  be  able  to  clearly  discern  the 
materials  he  is  demolishing  or  picking  up,  the  location  of  cars  and 
the  movements  of  ground  workers. 

In  the  Mould  Yards — moulds  are  cleaned,  stored  and  prepared, 
crane  operators  must  be  able  to  easily  locate  materials  and  ground 
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workers  must  have  sufficient  illumination  for  the  performing  of 
rough  work. 

Stock  Houses  are  temporary  storage  buildings  for  limestone, 
ore,  prepared  scrap  and  materials  entering  into  the  basic  manu- 
facturing processes.  Artificial  Ught  is  required  sufficient  for  car 
switching,  the  safe  movement  of  switchmen  and  loaders,  and  the 
identification  of  materials. 

In  the  Blast  Furnaces  the  raw  materials  are  reduced  to  pig 
iron.  These  furnaces  are  huge  towering  structures  at  the  top  of 
which  is  the  charging  platform  reached  by  a  steep  narrow  stairway. 
Around  the  lower  section  of  the  structure  is  located  the  tuyer 
mechanism  and  water  jacket  cooling  system  which  are  under  the 
observation  of  attendants.  Adjacent  to  the  Blast  Furnaces  are 
the  stoves  which  preheat  the  air  blast,  the  blowing  engine  houses 
etc.  Light  should  be  provided  to  enable  examination  of  the  charg- 
ing bells,  safe  movement  along  the  stairways  and  to  check  the 
operation  of  the  water  cooling  and  tuj'cr  mechanism.  The  areas 
about  the  stairs  should  be  cloarl}'-  visible  so  workers  may  move 
about  promptly  and  safely. 

At  the  base  of  the  furnaces  is  the  Cast  House  at  which  point 
the  metal  is  run  from  the  furnaces  into  huge  ladles  mounted  on 
cars.  This  structure  also  sometimes  shelters  the  pig  casting  equip- 
ment which  in  modern  mills  is  of  an  automatic  nature  and  re- 
ceives the  moulten  metal,  forms  the  pigs  and  conveys  them  to 
waiting  cars.  Workers  require  sufficient  light  for  the  preparation 
of  the  runways  used  in  drawing  off  the  metal,  and  operation  of  mud 
guns  for  seahng  the  furnaces  after  tai)ping  etc.  During  actual 
pouring  a  high  intensity  of  light  is  created  by  the  moulten  metal 
passing  through  the  troughs  to  the  ladle  cars  and  casting  machines. 

The  Open  Hearth  furnaces  (Figure  i)  receive  and  reduce 
moulten  iron  from  the  l)last  furnaces,  scrap  stock  and  various 
other  materials  used  in  manufacturing  opiMi  hearth  ste(^l.  Tht\v 
are  charged  both  by  nKichincrv  and  hand.  Tlu*  charging  floor 
occupies  the  position  in  front  of  th(^  furnaces  while  th(^  tapping  pit. 
at  which  point  tiie  moulten  steel  is  drawn  off  into  ladles,  is  locatcnl 
at  the  rear.  Workers  are  in  conslant  at l(»n(lance.  Artificial  light 
sufficient  to  facilitate  the  safe  nioNcnient  of  woikers  al»out  \\\r 
constantly  obstructed  fioors,  to  enable  crane  opcMators  to  readily 
lor'ate  workers  and  materials,  and  to  enable*  tlu*  efficient  handling 
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of  ladle  cars  etc.  is  essential.    The  furnaces  when  in  operation  cast 
great  flares  of  Hght  over  the  working  areas  adjacent  to  them. 

Stripping  consists  of  the  removal  of  the  ingot  moulds  by  means 
of  a  huge  hydraulic  or  electric  arrangement.  Artificial  light  is 
required  here  to  enable  the  strippers  to  readily  engage  their 
mechanism  on  the  moulds  and  to  discern  the  location  of  cars  and 
workers.  The  ingots  when  stripped  present  red  hot  surfaces  which 
tend    to  build  up  the  illumination  about  the  area  occupied. 

Mixing  houses  shelter  huge  vessels  which  hold,  maintain  at  a 
high  temperature,  and  mix  with  manganese,  charges  of  moulten 
metal  from  the  Blast  Furnaces  preparatory  to  be  charged  in  the 
Bessemer  Converters.  Sufficient  light  for  maintaining  safety,  for 
manipulating  valves  and  making  repairs  should  be  provided. 

The  Bessemer  converters  are  located  in  huge  structures  and 
are  usually  controlled  by  operators  located  on  a  shielded  or  en- 
closed platform  running  along  the  side  of  the  building  on  a  level 
with  the  converters.  When  the  converters  are  in  operation  no 
artificial  light  is  required  adjacent  to  the  area  they  occupy  as  they 
send  off  a  terrific  flare  which  illuminates  the  surroundings  to  in- 
tensities ranging  in  the  hundreds  of  foot  candles.  Light  should  be 
provided  however,  to  permit  safe  movement  about  the  building 
when  the  converters  are  down  and  are  undergoing  repairs.  Good 
illumination  is  essential  on  the  blowers  platform  from  which  point 
the  operation  is  controlled  as  scales  and  gauges  must  be  accurately 
read. 

The  Soaking  Pits  are  gas-heated  furnaces  occupying  practically 
the  entire  floor  area  of  a  building  set  aside  for  them.  Their  covers, 
which  are  mechanically  operated,  occupy  the  principal  floor  sur- 
face. Their  purpose  is  to  hold  the  ingots  at  a  high  temperature 
until  required  by  the  blooming  mills.  light  provided  here  should 
be  sufficient  to  enable  the  workers  to  move  about  with  safety  and 
to  enable  crane  operators  to  easily  discern  the  location  of  the  floor 
men  and  pit  covers.  The  covers  when  rolled  back  permit  a  huge 
flare  to  issue  from  the  furnaces  thus  illuminating  the  surroundings 
to  a  relatively  high  intensity. 

The  Blooming  Mills  (Figure  2)  break  down  the  ingots  to  bars 
or  slabs  of  a  pre-determined  size.  The  manipulation  of  the  ingot 
during  the  process  is  usually  controlled  by  skilled  operators 
located  in  a  pulpit  above  or  to  the  side  of  the  rolls.    The  white  hot 


Fio.  I. — A  typical  open  hearth  charginR  floor  as  it  appears  by  nipht.  The  smoky  atmos- 
phoro,  tho  material  strewn  about  the  floor,  the  flare  of  light  from  the  furnaces  on  the  left,  and 
the  dark  surroundings  are  characteristic  of  the  conditions  encountered  in  steel  mill  lifrhting. 
An  intensity  of  two  foot -candles  is  provided  by  a  system  of  overhead  units  which  are  500-watt 
Mazda  C  lamps  in  porcelain  enameled  bowl  shape<l  steel  reflectors.  These  are  hung  40  feet 
above  the  floor  on  centers  45  x  30  feet. 


Flu.  3  Thin  iiKMli-rri  liloomiiiK  iu>«l  iKin.h  m.-nhimt  tniit  \n  illumiiwilr.t  to  an  nvcrnur 
intiM.nily  of  j  s  f.M.i-randi.N  by  n  w.ll  .Imintwd  nyninu  of  r.  nernl  li«hiin«.  employing  75o-«nH 
MttKitt  (•  lamiw  in  bowl  ty|M-  uli-el  relle<tori.  on  rentern  40  x  so  f.-el.  40  fret  hmh. 


Fig.  3 — Night  view  of  a  billet  cleaning,  chipping  and  inspection  department.  A  well 
distributed  illumination  of  approximately  four  foot  candles  is  supplied  here  by  the  application 
of  overhead  (500-watt  deep  bowl  units)  and  side  (300-watt  angle  units)  lighting.  This  pro%'ides 
working  conditions  well  above  the  average  encountered  in  this  class  of  work. 


Fig.  4 — This  night  view^  of  a  typical  hot  mill  building  illustrates  the  importance  of  well 
diffused  light.  The  installation  pictured  is  of  the  better  grade.  Approximately  2.5  foot-candlca 
is  provided  over  the  floor  area  by  lamps  placed  37  feet  high  on  centers  50  x  40  feet.  The  Mazda 
C  lamp  and  the  RLM  Standard  dome  reflector  is  used.  The  750-watt  size  over  the  mills  and 
the  soo-wati  size  at  the  right.  The  rolls  though  appearing  dark  arc  well  illuminated  when 
the  hot  plates  which  are  being  reduced  are  passing  through.  The  reheating  furnaces  will  be 
seen  at  the  left. 
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ingot  after  being  placed  on  the  transfer  tables  by  a  crane  is  caused 
to  travel  to  the  rolls  where  it  is  passed  back  and  forth  and  turned 
at  will  by  mechanical  means  under  the  control  of  the  roll  operators. 
The  ingot  being  incandescent  illuminates  the  surrounding  areas 
during  its  travels  causing  a  shifting  illumination  thru  the  mill. 
From  the  blooming  mill  the  slab  passes  thru  shears  which  trim 
off  the  rough  ends  and  cut  the  slabs  approximately  to  size.  Rail 
mill  operation  is  similiar  to  the  foregoing.  In  Plate  mills  the  slabs 
go  to  reheating  furnaces  and  are  then  rerolled  on  smaller  mills. 
Rod,  Skelp  and  Tube  mill  equipment  is  of  various  forms,  the  rods 
or  tubes  usually  being  passed  thru  the  rolls  under  the  guidance  of 
an  attendant  who  grasps  the  rod  as  it  emerges  and  snakes  it  back 
thru  another  set  of  rolls.  In  what  are  known  as  continuous  mills 
the  operation  is  more  nearly  automatic.  Sufficient  general  illum- 
ination for  the  safe  movement  of  workers,  for  the  easy  examination 
of  equipment,  and  to  permit  pperators  to  see  the  movement  of 
material  and  indicators  at  all  times,  is  essential  in  these  areas. 
Supplementary  hghting  on  roll  indicators  is  usually  practised  and 
desirable. 

Rough  shearing  involves  the  cutting  of  bars,  billets  etc.  to 
approximate  size  by  crop  or  flying  shears  as  the  stock  travels  along 
the  transfer  tables  from  the  rolls. 

The  Chipping  and  Cleaning  operations  (Figure  3)  consist  of 
chipping  out  cracks  and  flaws  in  the  slabs,  preparatory  to  their 
being  further  rollcMJ.  Chipping  is  done  by  pneumatic  chippers  and 
grinders  are  sonictimes  eniploved  for  further  surfacing.  From  the 
standpoint  of  lighting  this  is  exacting  work  as  {\uv  hair  line  cracks 
and  flaws  must  be  detected,  chipped  or  ground  out  l)y  the  workmen 
and  pickling  of  bars  and  billets  is  also  sometimes  undertaken  in 
these  areas  as  a  picliminary  operation.  Such  work  is  relatively 
coarse  however,  involving  as  it  does  the  preparation  of  vats  and 
immersion  of  the  material. 

Sheet  Mills  (Figure  4)  reduce  slabs  to  sheet  stock.  Th(»  slabs 
are  "pulled  out"  folded  and  rerolled  several  times  forming  sheet 
steel.  The  sheets  aic  llicn  trimmed  or  sheared  and  jiulled  ajjart 
or  as  it  is  technically  terinecl  **oi)ene(r'.  Hot  mill  operators  must 
l)e  able  to  move  about  (piiekly  and  safely.  The  hot  sheets  illum- 
inate th(»  rolls  inechanisin  during  passes  and  the  reh(*ating  fur- 
naces iissist  in  lighting  up  the  areas  directly  before  them.    (>p(>ning 
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requires  that  the  operator  be  able  to  easily  discern  the  sheet  edges 
and  shearing  demands  sufficient  illumination  for  accurate  setting 
and  trimming. 

Cold  rolling  (Figure  5)  and  polishing  is  the  next  process  in 
sheet  making  and  consists  of  the  passing  of  cold  sheets  thru  high 
speed  rolls.  Cold  rolling  of  strip  is  much  the  same  and  involves 
careful  machine  setting,  micrometer  reading  and  close  watching  of 
machines.  In  cold  rolling  no  Ught  is  provided  by  the  metal  and 
good  illumination  is  essential  for  the  setting  and  operation  of  rolls, 
the  reading  of  gauges  and  the  promotion  of  safety.  The  sheet  metal 
is  treacherous,  at  best  presenting  exceedingly  sharp  cutting  edges 
which  frequently  cause  serious  accidents  when  not  readily  visible. 

Pickling  consists  in  the  running  of  the  sheet  in  chemicals  for 
the  purpose  of  cleaning.  Sufficient  light  for  the  safe  movement  of 
workers  and  handUng  of  sheet  is  required  in  this  operation. 

The  Annealing  Process  (Figure  6)  consists  of  stacking  the 
pickled  sheets  in  large  retorts  which  are  then  rolled  into  gas  heated 
annealing  furnaces.  This  is  comparatively  coarse  work  and  the 
principal  demand  for  light  is  to  facilitate  the  movements  of  cranes 
and  workers — and  the  safe  handling  of  the  sheets. 

Tinning,  galvanizing  and  dusting  are  finishing  treatments  of 
sheet  steel.  The  vats  and  machines  are  usually  lined  in  rows  along 
the  sides  of  the  buildings  and  are  under  the  constant  attention  of 
operators.  A  fairly  high  intensity  of  well  diffused  light  is  necessary 
over  the  equipment,  so  that  setting,  operation  and  finish  can  be 
readily  observed  by  the  attendants. 

Tin  Plate  sorting  and  inspection  is  usually  done  by  women 
workers  on  long  benches  in  buildings  especially  set  aside  for  the 
operation.  The  stacks  of  finished  sheets  are  received  on  the 
benches,  and  the  operators  lift  each  sheet,  examine  each  side  and 
grade  it  in  one  of  three  classes  with  respect  to  the  nature  of  the 
finish.  The  sheets  have  highly  polished  surfaces  and  are  likely  to 
cause  objectionable  specular  reflections  if  the  lighting  is  not  care- 
fully planned.  This  is  undoubtedly  the  most  exacting  work  in 
sheet  mill  operation.  Flaws,  scratches  and  surface  blemishes  must 
be  easily  and  rapidly  detected. 

Wire  drawing,  pipe  threading  and  nail  making  are  semi- 
automatic operations.  Supervision  and  setting  of  machines  neces- 
sitates comparatively  close  work  and  one  operator  usually  cares 


Fig.  s — In  the  rold  rolling  (Ifpartnicnt  thiTi-  is  no  luminous  uhMhI.  Artificial  liK^t  ujust 
provide  illumination  on  the  rolls  as  well  as  around  them.  In  this  iiiiKh-rn  ste«-l  mill  an  average 
intensity  of  four  foot-«'andles  i-i  furnished  hy  the  overhead  750-watl  dome  and  side  .<oo-\vatt 
angle  t.\i><'  units. 
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Fig.  7 — A  combination  of  general  and  local  lighting  is  provided  in  thi^i  opening  and  shear 
building  of  one  of  the  progressive  sheet  mills.  300-watt  RLM  units,  uniformly  distributed, 
provide  general  illumination  of  2.5  foot-candles,  while  200-watt  local  lights  provide  a  higher 
intensity  of  12.5  foot-candles  at  the  shears. 


Fu:.  8.  —  Night  view  of  a  well  illuminated  black  sheet  warehouse  and  shipping  building. 
An  average  intensity  of  3.5  foot-candles  is  provided  here  by  soo-watt  Mazda  C  lamps  and  RLM 
Standard  dome  reflectors  on  approximately  3.'5-foot  centers.  The  illumination  is  quite  satis- 
factory for  the  work  involved. 
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for  a  battery  of  units.  This  work  may  be  considered  analogous  to 
medium  machine  shop  practice. 

Steel  mill  machine  shop  practice  usually  involves  a  medium 
grade  of  work  such  as  roll  turning,  equipment  repairs  etc.  Visual 
requirements  are  the  same  as  commonly  encountered  in  this  trade. 

The  power  houses  and  substations  represent  the  heart  of  the 
plant  and  such  illumination  as  will  faciUtate  inspection,  cleanliness 
and  safety  is  essential. 

The  Cooling  Tables  as  the  name  implies  are  huge  steel  plat- 
forms on  which  the  metal  from  various  rolling  processes  travels  for 
coohng.  These  tables  are  also  quite  frequently  the  point  of  in- 
spection. Illumination  must  be  adequate  for  observing  the  opera- 
tion of  the  shifting  fingers  (frequently  painted  white  to  increase 
the  visibility)  which  move  the  materials  and  for  the  inspection  and 
making  of  the  stock.  Inspection  is  sometimes  done  by  operators 
who  draw  a  piece  of  wood  along  the  hot  stock,  the  examinations 
being  made  by  the  light  of  the  resultant  flare. 

It  is  believed  that  the  use  of  the  visual  demands  within  other 
areas  is  obvious  and  no  further  discussion  regarding  them  is  re- 
quired here. 

PRESENT  PRACTICE 

In  every  mill  inspected,  incandescent  electric  lamps  exclusively 
were  being  used  for  the  lighting  of  all  areas.  In  all  cases  general 
illumination  of  some  form  was  provided,  either  alone  or  in  com- 
bination with  localizcHJ  lighting  on  particular  operations. 

Lamps  employed  for  general  illumination  usually  ranged  from 
the  300-  to  looo-watt  size,  the  larger  units  predominating.  Local- 
ized units  conunonly  made  use  of  lamps  of  sizes  of  200  watts  and 
below.  I^eflectors  of  some  type  were  invariably  fouiid  to  ho  used 
with  the  lamps  employed  for  general  lighting. 

Th(xse  observed  were  of  various  types,  tlic  HLM  Standard 
Dome,  flat  enamel  .steel,  shallow  dome,  diM'p  i)()wl  and  angh^  type 
I)orrelain  enameled  steel  being  common.  \\  hile  the  tlat  enamelled 
steel  and  shallow  dome  reflectors  were  predominating  in  th(*  older 
installation,  the  ULM  Standard  Home  and  Deep  Howl  MnanieliHl 
Steel  seem  to  represent  modern  practice. 

The  local  lighting  was  usually  found  to  l)e  not  so  well  piovided 
for.  A  very  nondescript  collection  of  reflectors  and  bare  lamps 
creating  objectionable  glare  was  common. 
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Spacings  of  units,  in  most  instances,  were  found  to  be  much 
wider  than  practicable  for  the  provision  of  uniform  Hght  distribu- 
tion. 

While  the  importance  of  periodic  cleaning  of  lighting  equip- 
ment was  found  to  be  universally  admitted,  but  few  of  the  mills 
visited  practiced  regular  maintenance  schedules.  This  situation 
was  usually  explained  by  the  difficulty  experienced  in  obtaining 
suitable  labor. 

With  but  two  exceptions,  the  plants  investigated  were  found  to 
be  using  250  volt  nominal  lighting  service  with  either  250  volt 
lamps  or  two  125  volt  lamps  in  series.  The  lighting  circuits  in 
many  cases  were  tapped  direct  from  the  power  feeders  supplying 
the  auxiliary  drive  within  the  building  to  be  lighted.  The  dis- 
advantage of  operating  two  lamps  in  series  and  superiority  of  no 
volt  (or  thereabout)  lamps  for  general  lighting  service  are  too 
well  known  to  require  discussion  here.  The  practice  of  operating 
lighting  circuits  from  d-c.  power  feeders,  particularly  in  steel 
mills,  is  extremely  objectionable  as  severe  voltage  fluctuation  is 
prevalent  due  to  the  constantly  changing  load  on  the  generators. 
This  results  in  bad  flickering  of  the  lights  and  of  course  affects  the 
life  and  light  output  of  the  lamps.  In  one  mill  visited  by  the  writer 
a  variation  of  almost  2  to  i  in  intensity  was  noticed  at  times. 
Figure  ic  shows  a  voltage  chart  taken  across  the  bus  bars  in  a 
typical  steel  mill  substation.  From  this  chart  it  will  be  noted  that 
a  variation  of  240  to  315  volts  occurred  over  the  period  of  observa- 
tion which  means  that  neglecting  a  slightly  variable  line  drop  the 
lamp  voltage  varied  in  the  same  proportion. 

Separate  lighting  circuits,  or  in  the  case  of  a-c.  drive  mills, 
high  voltage  distribution  with  a  step  down  thru  transformers  and 
buck  and  boost  regulators  where  voltage  variation  is  extreme  are 
best  adapted  to  the  producing  of  satisfactory  mill  lighting.  In 
many  cases  schemes  of  this  kind  are  in  the  course  of  installation  or 
under  consideration. 

THE   TREND    IN    LIGHTING    PRACTICE    DURING 
THE    PAST    TWELVE    YEARS 

Table  II  following,  gives  the  prevailing  intensities  in  certain 
areas  of  typical  steel  mills  in  191 1  as  found  by  an  investigation 


Ur- 


Fig.  9. — Night  view  of  a  well  illuminated  bar  storage  warehouse.  The  intensity.  2.5 
foot-candles,  provided  here  is  adequate  for  stacking  and  loading.  A  higher  intensity  is  provided 
for  the  machines  visible  at  the  rear  end  by  using  500 — rather  than  300-watt  lamps. 


Vu\    IM        l(<|>riM|iirti<in  cif  n  typirnl  i|-<-    Imin  v<iliiigi<  churl .   ill\if<lrutit»B  thr  wnlrly   v.»r\itn? 
VditiMC'  (Hinditionn  ninting  on  d-o.  |M>wrr  frtMlrm. 


Fig.  II. — Night  view  a  of  well  lighted  foundry.  300-watt  Mazda  C  lamps  in  RLM  Stand- 
ard dome  reflectors  on  centers  10  x  40  feet  are  mounted  on  the  ceiling  trusses,  35  feet  above  the 
floor.    An  intensity  of  over  five  foot-candles  is  provided. 


l-iO.  12. — This  picture  of  a  typical  foundry  gives  one  a  good  idea  of  the  rough  footing  and 
generally  hazardous  conditions  encountered  in  this  industry.  A  number  of  300-watt  Mazda  C 
lamps  in  RLM  Standard  dome  reflectors  on  lo-foot  centers  in  tliis  40-foot  bay  provide  adequate 
light  (five  foot-candles)  to  make  objects  clearly  visible  and  minimize  accident  hazards. 
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conducted  at  that  time,  and  figures  obtained  by  the  author  on  the 
extremes  good  and  bad  constituting  present  practice. 


Intensity — 191 1 
Process  or                                 Foot-Candle 
Area                                         Average 

Intensity — 1923 

Foot-Candle 

Average        Average 

Low              High 

Intensity 

Foot-Candle 

Recommended 

Thoroughfares 

0.087 

0.02 

0.3 

O.I  -  0.5 

Ore  Yards 

0.  19 

0.2 

0-3 

Loading  Yards  (No  Inspection) 

0.  14 

0.2 

0.4 

0.25-  I.O 

Loading  Yards  (Inspection) 

0.36 

0.5 

0.75 

Open  Hearth  Mould  Yards 

0.29 

0.2 

0.4 

Stock  Houses 

— 



05  -    1.0 

Open  Hearth  Charging  Floor 

0.14 

0.3 

15 

I .0  -  2.0 

Open  Hearth  Casting  Floor 

0.17 

0.5 

15 

Soaking  Pits 

— 

0.15 

15 

I  0  -  2.0 

Reheating  Furnaces 

0.46 

0.3 

3- 

2.0  -  4.0 

Puddling  Furnaces 

— 

— 

— 

2.0  -  4.0 

Annealing  Furnaces 

— 

0.5 

3-5 

2.0   -  4.0 

Blast  Furnaces 

0.25 

0.4 

0.7 

I .0  -  2.0 

Cast  Houses 

0.22 

05 

I . 

I .0   -   2.0 

Mixing  Houses 

— 

— 

2.0   -   40 

Bessemer  \  Converter  Houses 
Bessemer  (  Blowers  Platform  1 

— 

2.5 

4 

3.0  -   6.0 

Ingot  Stripping 

— 

0.4 

I 

1.0   -   2.0 

Blooming  Mills 

0.32 

0.5 

2 

2.0  -  40 

Cooling  Tables 

— 



— 

2.0   -   40 

Rail  &  Structural  Mills 

— 

0.5 

2 

2.0   -   40 

Pipe  &  Tube  Mills 

0.3 

0.5 

15 

2.0   -   40 

Chipping 

— 

3  5 

7 

4.0   -    80 

Hot  Mills 

0.34 

0.75 

3  5 

2.0   -   4.0 

Cold  Rolling 

0.65 

15 

5 

4.0   -   8.0 

Shearing  (Close) 

— 

15 

II 

8.0  -12.0 

Inspection  (General) 

— 

— 

— 

4.0  -   8.0 

Wire  Drawing 

0.87 

I . 

3 

40   -    8.0 

Pipe  Threading 

0.76 

15 

5 

40   -    80 

Nail  Making 

— 

— 

— 

4.0   -    80 

Pickling 

— 

0.25 

I 

20   -   40 

Tinning 

— 

15 

5 

4.0   -   8.0 

Tin  Plato  Sorting  &  hLspi^cting 

— 

5 

12 

IO.Q-I5.O 

WarehouHOH 

— 

I 

2.5 

2.0  -   4.0 

Ship|)ing 

— 

15 

3 

30  -   60 

Murhiiic  SliopH 

1   37 

25 

4 

40  -   8.0 

Power  IIou.HCM 

I    J3 

2.5 

6 

40   -   8.0 

Layout  A  Kubriration 

— 

— 

4.0  -  8.0 

(Stnirfunil  Steel) 
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Because  of  the  wide  variation  in  existing  practice  it  was  con- 
sidered desirable  to  average  the  high  and  low  readings  separately 
citing  each  rather  than  quote  a  common  average. 

A  careful  study  of  manufacturing  requirements  and  conditions 
has  led  the  author  to  the  conclusion  that  the  intensities  listed  in 
the  fourth  column  are  economically  desirable  in  mill  lighting. 

Consideration  of  these  figures  clearly  illustrates  that  there  has 
been  a  distinct  trend  toward  higher  intensities  in  the  hghting  of 
steel  mills  during  the  past  twelve  years,  as  with  but  few  exceptions, 
the  average  low  values  of  today  are  well  above  the  average  in  1 9 1 1 
while  the  average  high  values  in  all  cases  represent  a  marked  in- 
crease. 

In  only  three  of  the  plants  investigated  however,  were  lighting 
values  of  the  higher  order  found  to  exist  generally,  which  fact  com- 
bined with  the  radical  departure  between  high  and  low  averages, 
would  seem  to  indicate  that  there  has  not  been  a  full  appreciation 
of  the  value  of  good  lighting  and  there  is  still  room  for  marked 
improvement  in  the  lighting  standards  of  the  industry  as  a  whole. 
It  should  here  be  noted  that  the  mills  having  the  higher  intensities 
were  all  of  relatively  new  construction  having  been  built  within 
the  last  six  years  whereas  the  others  were  considerably  older. 
This  in  a  measure  explains  the  variation  in  values. 

It  is  interesting  to  note  the  comparative  attitude  of  the  operat- 
ing engineers  responsible  for  lighting  practice  in  mills  having  good 
and  poor  lighting.  In  the  case  of  the  better  installations  it  was 
invariably  expressed  that  good  lighting  had  proven  beneficial  from 
the  standpoints  of  safety,  supervision  and  elevation  of  morale,  in 
operations  on  hot  metals  and  as  an  aid  toward  greater  production 
and  reduction  in  spoilage  plus  the  aforementioned  benefits  in  the 
case  of  processing  of  cold  metal.  In  one  mill  an  instance  was  cited 
of  two  buildings  both  housing  hot  sheet  rolling  operations  one  well 
lighted  and  the  other  poorly  lighted.  When  operators  were 
transferred  from  the  well  lighted  to  the  poorly  lighted  building  they 
objected  so  strenuously  to  the  gloomy,  forbidding  and  hazardous 
surroundings  that  the  remodeling  of  the  lighting  equipment  was 
practically  forced. 

On  the  other  hand  the  operating  engineers  in  the  poorly  lighted 
mills,  while  considering  the  necessity  for  artificial  light  in  some 
form,  usually  looked  upon  it  as  being  a  consideration  of  secondary 
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importance.  Installation  in  most  of  these  cases  are  a  result  of 
individual  opinion  and  past  practice  within  the  mill.  Often  a 
guess  is  made  as  to  how  much  Hght  is  needed,  this  is  provided,  and 
as  long  as  no  complaints  are  registered  by  the  workers  the  illumina- 
tion is  considered  satisfactory.  It  should  be  obvious  that  such 
practice  is  far  from  commendable  and  it  is  questionable  whether 
the  workers  as  indi\'iduals  are  capable  of  judging  the  suitability  of 
lighting  standards.  Most  workers  are  faced  with  a  lack  of  know- 
ledge of  any  conditions  other  than  those  beneath  which  they  work 
and  as  a  consequence  are  easily  satisfied  with  the  conditions  at 
hand.  That  they  would  favor  better  lighting  is  indicated  by  the 
instance  previously  cited. 

The  opinion  seems  to  prevail  that  in  most  areas  it  is  necessary 
to  simply  furnish  enough  light  to  find  one's  way  about  and  that  the 
hot  metals  and  furnaces  will  furnish  enough  illumination  for  closer 
work. 

A  careful  consideration  of  the  problem  of  steel  mill  lighting 
leads  to  the  conclusion  that  while  one  of  the  prime  functions  of 
artificial  light  within  and  without  the  mills  is  to  promote  safety, 
this  factor  is  somewhat  more  involved  than  would  seem  the  case 
on  hasty  consideration  and  further  there  are  other  benefits  to  be 
derived  from  the  proper  application  of  light. 

The  visibility  of  objects  in  steel  mills  is  inherently  low  because 
of  the  characteristically  dark  surroundings  and  dark  nature  of  the 
objects  themselves.  Since  we  see  objects  by  the  light  they  reflect 
to  the  eye  it  follows  that  to  easily  distinguish  dark  objects  re- 
quires more  illumination  than  if  they  were  light  in  color.  Largely 
for  thc^se  reasons  the  steel  industry  requires  more  illumination 
from  the  safety  standpoint  than  do  most  other  trades. 

The  hot  metals  worked,  while  imquestionably  instrumental  in 
building  iij)  the  lighting  at  the  working  points,  are  present  only 
at  intermittent  periods  and  arc  constantly  moved  from  place  to 
place.  This  condition  creates  a  demand  for  more  rather  than 
less  light.  The  incandescent  metal  represents  sources  of  high 
brilliancy  within  the  worker's  field  of  view,  if  the  ailjoining  ari^as 
are  dark  the  eye  does  not  see  clearly  as  it  moves  to  the  dark  sur- 
roundings from  the  brighl  woiU  and  vice  versa.  The  widrr  the 
contra.st  in  intensities  \\\o  greater  the  degree  of  readjusting  nnd  the 
longer  t  he  1  line  re(iilire(l  by  1  he  eye  to  adapt  itself  as  it  moves  about . 
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Mention  has  already  been  made  of  the  abnormal  amount  of 
foreign  material  present  in  the  atmosphere,  hence  to  overcome  the 
resultant  absorption  a  relatively  high  wattage  for  a  given  area  is 
necessary  to  produce  the  desired  intensity  on  the  work. 

Moreover,  even  with  frequent  cleaning,  depreciation  of  re- 
flecting surfaces  is  a  factor  which  must  always  be  given  careful 
consideration  and  adequate  provision  made  to  insure  a  satisfactory 
average  value  of  illumination. 

Production  increases  through  speedier  movements  on  the  part 
of  the  workers,  cleaner  surroundings  and  easier  supervision  of 
labor,  derivitives  of  good  lighting  often  discussed  in  the  past,  are 
also  made  possible  in  many  areas  of  the  steel  mill. 

FOUNDRY  LIGHTING 

In  view  of  the  close  relation  between  the  modern  foundry  and 
the  Iron  &  Steel  Industry  as  herein  discussed  it  is  felt  that  a  brief 
consideration  of  Foundry  Lighting  practice  is  appropriate  at  this 
point. 

FLOOR   MOULDING   AND   POURING 

Inasmuch  as  both  of  these  operations  are  carried  on  within 
the  same  area  though  at  different  times  of  the  day  the  lighting 
system  will  be  the  same.  Moulding  calls  for  the  greatest  accuracy 
and  is  usually  done  during  the  early  hours  of  the  day.  For  pouring 
and  stripping  the  lighting  demands  are  less  exacting.  This  work 
is  carried  on  during  the  latter  part  of  the  day  when  natural  light 
is  poor  and  the  air  in  the  foundry  is  full  of  dust  and  gases. 
However,  if  provision  is  made  for  proper  light  for  moulding,  a 
lower  though  adequate  intensity  will  automatically  prevail  for 
pouring  and  stripping.  The  intensity  employed  should  range 
from  4  to  12  foot-candles  depending  upon  the  character  of  the 
product.  For  the  manufacturing  of  heavy  castings  where  the 
finish  of  the  mould  is  not  important  intensities  of  from  4  to 
6  foot-candles  are  sufficient.  In  foundries  casting  small  parts 
requiring  careful  finish  and  consequently  closer  discrimination 
of  detail  from  6  to  12  foot-candles  should  be  provided. 

BENCH    MOULDING,    MACHINE    MOULDING    AND     CORE    MAKING 

The  lighting  of  this  type  of  work,  which  calls  for  some  dis- 
crimination of  detail  since  the  pieces  turned  out  are  usually  small 
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and  must  be  accurately  moulded,  can  best  be  accomplished  by 
what  IS  termed  a  "locahzed  general''  system.  A  high  intensity  is 
reqmred  along  the  row  of  machines  or  benches  while  a  lower 
illummation  is  sufficient  for  the  remainder  of  the  room  This 
effect  of  varied  intensity  is  obtained  by  placing  the  lighting  units 
relative  to  the  machines.  The  maximum  intensity  is  thus  dehvered 
from  the  correct  direction  and  the  spread  of  Hght  takes  care  of  the 
surroundmg  areas.  Such  a  system  has  practically  all  the  advan- 
tages of  the  drop  light  in  getting  the  light  where  it  is  needed  and 
yet  the  hghtmg  units  are  not  within  reach. 

CHARGING   TUMBLING   AND    CLEANING 

The  work  coming  under  the  above  classification  is  of  a  relatively 
rough  nature  and  requires  Httle  discrimination  of  detail  Inten- 
sities of  from  3  to  6  foot-candles  are  adequate.  Distribution 
should  be  such  that  harsh  shadows  and  dark  corners  will  not 
result  and  hatchways  and  pits  be  readily  visible. 

In  lighting  equipment  as  is  true  of  practically  all  other  devices 
used  in  steel  mills  permanence,  simplicity,  durability,  efficiencv 
and  ease  of  maintenance  are  essential  requirements. 

Porcelain  enameled  steel  reflectors  of  the  RLM  Standard 
dome  variety  and,  in  the  case  of  buildings  which  are  narrow  com- 
pared to  their  height,  porcelain  enameled  steel  reflectors  of  the 
angle  type  mounted  below  the  crane  rail  represent  the  best  types 
of  the  reflectors  available  for  interior  lighting.  For  exterior 
ishting  the  RLM  standard  dome,  the  radial  wave,  enclosed 
forms  of  street  lighting  units  and  floodlighting  units  are  admirably 
adapted.  • 

LIGHTINCi    COSTS 

From  the  standpoint  of  <.norKy  cost  th<.  oporating  oxnonsoof 
the  average  steel  mill  liKhling  installation  is  excv.linfrlv  small  in 
compunson  with  the  total  production  cost.  Although  conditions 
vary  wulely  in  different,  mills  th,.  following  citation  serves  to 
■  Hustrat,.  th,.  r,.|alive  n.agnitu.le  .,f  ih..  lighting  ex|H-nse.  In  a 
typical  null  the  cost  of  energy  was  foun.l  to  he  six-tenths  of  one 
cent  p,.r  kw-hr.  This  figure  is  typi,.al,  the  cost  usuallv  ranging 
fr.,n,  hve-tenths  to  s,.ven-t,.nths  ..ents.  The  total  avrage  cnergv 
•■""su.npt.on    per   ton    of   Op,.,    ll,,„ih   ,u-v\    pro.huvd   in    the 
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particular  mill  reckoned  over  a  period  of  twenty-four  hours 
including  all  drives,  cranes  and  lighting  was  approximately 
45  kw-hr.  It  may  be  conservatively  estimated  in  a  mill  of  this 
type  that  the  lighting  load  represented  about  2  per  cent  of  the 
total  load.  Since  the  energy  consumption  per  ton  figure  is  based 
on  a  typical  twenty-four  hour  period  and  since  in  this  as  well  as 
the  average  mill  there  are  about  12  hours  of  daylight  work  and 
12  hours  of  work  under  artificial  light,  the  actual  energy  consumed 
per  ton  output  under  artificial  light  was  2  x  0.02  x  45  =  1.8  kw-hr. 
At  a  cost  of  six-tenths  cents  per  kw-hr.  this  represents  a  cost  of 
light  of  0.6  X  1.8  X  1.08  cents.  In  a  mill  rolling  sheet  this  figure 
would  of  course  be  somewhat  larger  but  as  a  maximum  would 
probably  not  exceed  10  cents  per  ton. 

In  the  face  of  these  figures  and  considering  the  influence 
of  properly  applied  illumination  in  promoting  safety,  increasing 
production,  reducing  spoilage,  elevating  the  morals  of  the  workers 
and  facilitating  supervision  it  is  difficult  to  excuse  the  low  inten- 
sities so  commonly  encountered  and  easy  to  justify  the  occasional 
installations  of  good  fighting. 
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DISCUSSION 

F.  C.  Caldwell  :  In  drawing  up  the  Industrial  Lighting  Code 
for  Ohio  the  only  concerted  opposition  we  experienced  was  from 
the  steel  industries  of  the  state.  The  explanation  for  this  I  think 
is  found  in  two  conditions;  one  has  been  mentioned  in  the  paper, 
that  is,  that  the  steel  manufactures  have  always  been  used  to 
doing  their  work  by  the  light  of  the  hot  metal,  and  it  is  hard  for 
them  to  feel  that  any  more  light  is  needed  than  that  which  has 
been  used  for  generations. 

Again,  the  steel  industry  is  one  of  the  oldest  industries  and  in 
general  we  find  that  the  older  an  industry,  the  more  conservative 
it  is.  For  instance,  the  rubber  industry  is  one  of  the  youngest,  at 
least  in  its  present  state,  and  that  was  the  industry  from  which  we 
received  the  most  cooperation.  They  looked  most  favorably 
upon  the  movement  for  better  lighting  in  industry. 

These  two  characteristics  of  the  steel  manufacturer  must  be 
overcome  before  a  general  improvement  in  steel  mill  lighting  can 
be  attained. 

J.  A.  Hoeveler:  When  I  began  my  work  for  the  Industrial 
Commission  of  Wisconsin,  1  came  across  th(^  argument  several 
times  that  Professor  Caldwell  has  mentioned;  naiiH^ly:  that  the 
hot  metal  in  the  foundry  or  mill  would  provide  suflicieiit  illum- 
ination, with  some  small  amount  of  supplementary  artificial  light- 
ing. But  it  was  not  until  some  time  ago  that  1  Invird  the  prize 
argument  against  higher  illumination,  wIhmi,  in  talking  to  the  night 
superintendent  of  a  factory,  after  we  had  measured  the  illumina- 
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tion  and  found  it  to  be  of  very  low  order,  the  man  replied,  ''Well, 
you  know,  I  wouldn't  want  more  illumination  in  this  factory;  I  am 
afraid  if  it  were  too  bright  it  would  put  my  men  to  sleep." 

H.  W.  Desaix:  I  believe  that  in  the  last  few  years  there  has 
been  a  marked  difference  among  the  steel  people,  but  I  note  that 
the  paper  omits  one  phase  of  the  steel  industry,  that  of  the  con- 
centrating mill. 

Iron  ore  today  is  not  sold  in  the  crude  form  that  it  used  to  be. 
It  is  concentrated  to  a  high  value  and  the  premium  on  the  ore  is 
based  upon  the  value  of  it;  that  is,  the  percentage  of  iron. 

You  perhaps  all  know  that  when  a  man  is  buying  raw  material 
he  endeavors  to  get  it  at  as  low  a  cost  as  possible,  and  that  creates 
a  condition  of  high  competition  among  the  concentrating  mills. 

There  has  been  within  the  last  few  years  considerable  develop- 
ment in  the  concentrating  mills.  They  have  raised  their  amount 
of  production  and  decreased  their  cost  of  production  by  automatic 
machinery,  use  of  magnetic  separators,  magnetic  clutches  and  the 
like.  I  have  in  mind  a  particular  concentrating  mill  that  used  to 
turn  out  1500  to  2,000  tons  of  ore  a  day,  using  18  men  within  the 
mill ;  due  to  the  use  of  automatic  machinery  they  have  reduced  the 
number  of  men  employed  within  the  mill  to  5 — that  means  num- 
ber of  men  per  shift. 

As  soon  as  they  did  this  however  they  came  across  a  condition 
that  caused  them  a  considerable  amount  of  trouble — that  of  tramp 
iron.  Tramp  iron  would  get  into  escalators  and  crushers  and  some- 
times cause  damage.  Lighting  intensities  were  therefore  consider- 
ably increased  so  as  to  allow  these  few  men  in  the  mill  to  pick  up 
the  tramp  iron  and  push  the  buttons  which  are  used  to  release  the 
magnetic  clutches  and  stop  the  operation  long  enough  to  pick  out 
the  tramp  iron. 

I  know  that  in  northern  New  Jersey  th^re  is  a  considerable 
field  right  now  for  higher  intensities  of  illumination  in  the  steel 
industry;  of  course,  there  we  get  the  mining  end  of  it  and  not  the 
production  end. 

F.  W.  LooMis:  Have  had  no  specific  experiences  with  the  iron 
and  steel  industry  since  I  have  been  located  in  Pittsburgh  but  can 
cite  something  of  a  parallel  nature  in  Canada;  it  is  with  regard  to 
another  metal — aluminum. 
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I  had  the  privilege  of  visiting  a  plant  in  Quebec  Province  about 
eight  months  ago  and  I  do  not  believe  they  even  attempted  to 
guess  at  intensities  because  when  I  went  around  with  the  superin- 
tendent to  check  the  intensities  as  found,  in  one  process  that  might 
be  called  medium  fine  at  least — that  is,  changing  rods  to  tubes — 
I  checked  about  a  quarter  to  one-half  of  one  foot-candle.  That 
was  about  as  high  as  anything  that  was  discovered  in  the  plant. 
From  this  investigation,  the  superintendent  decided  to  take-  de- 
finite steps  to  build  up  his  intensities.  He  was  sold  on  the  idea  of 
what  higher  standard  illumination  really  means  from  the  stand- 
point of  production. 

The  reflectors  found  there  were  of  an  old  type  aluminum  finish, 
and  the  fumes  from  the  plant  had  so  deteriorated  them  that  they 
were  worthless.  I  recommended  something  that  could  be  more 
easily  cleaned,  and  I  believe  that  recommendation  had  been  acted 
upon. 

This  would  imply  that  the  iron  and  steel  industry  and  the 
metal  industry  as  a  whole  are  receptive  to  our  suggestions  if  same 
are  brought  to  their  attention.  It  is  perhaps  sometimes  quite  a 
job  to  make  them  accept  higher  intensities  but  the  field  undoubt- 
edly is  awaiting  us. 

In  the  Pittsburgh  district  I  understand  something  has  been 
done  toward  increasing  or  attempting  to  increase  the  illumination 
standards  but  there  is  still  a  wonderful  field  awaiting  us. 

Thomas  G.  Ward:  I  would  like  to  ask  on  the  matter  of  cost, 
if  the  hourly  demand  was  taken  into  consideration  on  that  in 
figuring  the  lighting  and  diversity  factor,  which  would  materially 
lower  that  cost  factor. 

A.  S.  Turner,  Jr.:  Mr.  Radomacher's  calculations  of  the 
lighting  cost  have  all  l)e(»n  figured  with  a  considerable  factor  of 
safety,  so  that  no  steel  mill  (Migineer  might  state  that  his  figures 
were  lower  than  was  actually  the  case.  This  would  cover  any 
discrepancies  which  might  arise  in  the  various  processes  of  manu- 
facture. 

O.  H.  Stickney:  My  recent  experi(^nce  in  steel  mill  lighting 
comes  second-handed  through  Mr.  I^ulemacher,  so  that  I  have 
not  a  great  deal  to  add  Regarding  present  praeti('(\  I  hav(*  been 
over  Mr.  HademaclKT's  work  quite  carefully  and  Uiwv  consitier- 
al)l(!  confidence  in  the  conclusions  which  he  has  reached. 
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My  most  careful  study  in  steel  mill  lighting  was  made  about 
1909  or  1910.  At  that  time  we  succeeded  in  pointing  out  to  the 
mill  engineers  the  importance  of  better  lighting.  Our  investiga- 
tions showed  that  some  mills  were  using  something  like  ten  times 
as  much  light  for  certain  processes  as  were  others.  These  compari- 
sons called  to  the  attention  of  the  mill  people,  resulted  in  a  con- 
siderable advance  in  the  average  practice,  as  referred  to  by  Mr. 
Rademacher. 

There  has  been  a  certain  amount  of  advance  since  1910,  but  I 
believe  the  practice  is  still  far  below  what  economic  conditions 
would  warrant.  Steel  making  is  a  night  and  day  process,  requiring 
men  to  work  for  long  hours  by  artificial  light.  Hence  the  ad- 
vantages to  be  gained  through  enhanced  safety  and  increased  pro- 
duction are  relatively  large.  Furthermore,  fortunate  circumstances 
provide  steel  mills  with  remarkably  low  price  power,  so  that  the 
cost  of  good  illumination  is  comparatively  small. 

The  failure  to  provide  better  lighting  does  not  appear  to  be 
due  to  its  cost,  but  rather  the  fact  that  those  responsible  for  the 
lighting  have  many  other  complicated  engineering  problems,  in- 
volving large  expenditures,  and  this  has  a  tendency  to  divert 
their  attention  so  that  lighting  does  not  have  the  consideration 
which  it  really  needs. 

Due  to  the  liability  of  mechanical  accidents,  many  of  the  pro- 
cesses of  steel  making  are  quite  dangerous,  so  that  it  is  important 
that  the  steel  industry  should  recognize  that  good  illumination  is 
one  of  the  most  important  agencies  for  preventing  accidents,  and 
furthermore,  that  it  is  the  one  guard  which  speeds  production 
rather  than  retards  it. 

O.  F.  Haas:  I  would  like  to  ask  Mr.  Turner  if  in  the  plants 
visited  the  exterior  lighting  in  the  main  consisted  of  flood-lighting 
or  general  overhead  lighting  using  enameled  steel  reflectors  or 
refractor  units. 

A.  S.  Turner,  Jr.:  The  equipment  now  being  used  in  steel 
mill  yards  consists,  in  a  small  degree,  of  that  employed  for  street 
lighting,  such  as  prismatic  refractors.  The  majority  of  this  light- 
ing is  merely  the  incandescent  lamp  with  radial  wave  reflectors 
or  plain  porcelain  enamel  steel  reflectors. 
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Walter  Sturrock:  As  shown  by  this  paper,  the  levels  of 
illumination  in  steel  plants  in  general  are  found  to  be  quite  low. 
About  two  years  ago,  one  of  the  steel  plants  that  I  visited  had  an 
intensity  of  illumination  of  only  about  a  half  foot-candle.  I  talked 
with  the  electrician  about  the  value  of  better  lighting  in  steel 
mills  and  soon  afterwards  he  began  studying  lighting  from  the 
standpoint  of  accident  prevention.  He  was  particularly  interested 
to  find  out  just  what  he  could  do  to  improve  the  conditions  so  that 
his  plant  would  be  a  safe  and  better  place  to  work. 

As  a  result  of  his  study  as  to  the  value  of  better  lighting  he 
planned  the  lighting  system  for  a  new  building  which  they  were 
adding  to  their  plant.  In  this  new  building  he  installed  i,ooo-watt 
lamps  on  20  X  20  foot  centers,  producing  a  level  of  illumination  of 
about  18  foot-candles.  He  later  reported  that  this  level  of  illum- 
ination was  very  highly  appraised  by  the  executives  of  his  plant. 

I  think  this  illustrates  the  favorable  attitudes  which  many 
electricians  would  take  toward  better  illumination  in  steel  mills, 
if  they  would  more  carefully  study  the  value  of  higher  levels. 

I  would  like  to  ask  Mr.  Turner  in  connection  with  this  paper  if 
he  knows  how  many  plants  were  visited. 

A.  S.  Turner,  Jr.  :  Twelve,  I  believe,  in  all. 


HOSPITAL   OPERATING   ROOM   LIGHTING   WITH   RE- 
PRODUCED DAYLIGHT* 


BY  NORMAN  MACBETH** 


SYNOPSIS:  The  hospital  operating  room  is  probably  one  of  the  most  important  fields  for 
artificial  illumination,  a  human  life  may  depend  upon  what  the  surgeon  does  not  see.  Daylight 
color  for  the  proper  identification  of  the  various  tissues  is  of  extreme  importance.  During  the 
operating  period — throughout  the  year,  with  a  minimum  in  the  heated  summer  months — the 
natural  daylight  is  frequently  inadequate  due  to  dark  days,  storm  clouds  and  the  shortened 
period  between  dawn  and  sunset. 

A  description  is  here  given  of  an  artificial  daylighting  equipment  furnishing  a  light  of  day- 
light color  with  the  mechanical'  arrangements  in  two  operating  rooms  where  the  demands  of 
the  surgeons  have  been  satisfactorily  met. 

The  intensities  throughout  the  operating  table  zone  generally  run  from  50  to  over  65  foot- 
candles  with  current  densitites  of  12  and  16  KW  per  room.  The  light  is  multidirectional  to- 
wards the  center  of  the  room;  a  scheme  of  localized  general  illumination.  The  shadows  are 
softened  and  are  illuminated  to  an  extent  just  less  than  the  high  lights. 

None  of  this  equipment  is  below  the  ceiling  and  none  of  it  is  directly  over  the  table  thus 
removing  the  dust  and  radiant  heat  objections  present  with  the  usual  table  operating  luminaire. 

In  a  recently  published  article  by  an  experienced  investigator, 
the  statement  was  made  that  in  an  inspection  tour  through  over 
one  hundred  hospitals  located  in  the  East  only  two  had  lighting 
equipment  of  comparatively  modern  type — artificial  illumination 
having  received  practically  no  attention — the  fixtures  and  methods 
of  lighting  being  those  prevailing  in  the  early  days  of  electric 
lighting;  while  the  latest  in  instruments,  sterilizing  apparatus — 
operating  and  antiseptic  devices  were  in  use;  the  lighting  equip- 
ment almost  without  exception  was  on  a  par  with  the  type  of 
sterilizing  apparatus  which  would  be  represented  by  a  wash  boiler 
and  a  gas  burner. 

In  no  other  class  of  buildings,  particularly  in  the  operating 
rooms,  are  the  lighting  requirements  so  exacting.  Probably  in  no 
other  profession  is  the  ability  to  see  quickly  and  truthfully  as 
important  as  in  surgery  where  a  human  life  is  at  stake. 

The  location  of  operating  rooms  on  upper  floors  with  liberal 
window  and  skylight  exposures  results  in  a  high  standard  of  illumi- 
nation with  which  the  customary  artificial  lighting  intensities 
suffer  by  comparison.  Artificial  light  as  a  consequence  has  been 
largely  used  for  emergencies  and  for  cleaning  up  purposes,  and 
because  of  the  almost  universal  belief  that  artificial  light  is  ex- 
pensive and  daylight  cheap,  but  slight  effort  has,  in  the  past,  been 
made  to  build  up  the  illumination  to  the  necessary  high  intensities. 

*A  paper  presented  before  the  New  York-  Section  of  the  Illuminating  Engineering 
Society,  April  19,  1923. 

**Illuminat!ng  Engineer,  Macbeth  Daylighting  Co.,  New  York,  N.  Y. 

The  Illuminating  Engineering  Society  is  not  responsible  for  the  statements  or  opinions 

advanced  by  contributors. 
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Photometers  have  been  but  comparatively  recently  used  by 
electrical  engineers  and  hence  it  is  only  within  a  few  years  that  it 
has  been  realized  that  the  intensity  of  artificial  light  generally 
supphed  was  so  far  below  that  available  in  the  well  designed  operat- 
ing room  on  clear  days.  There  has  also  been  a  failure  to  appreciate 
the  considerable  importance  of  color  of  light  in  its  effect  on  the 
color  of  objects  viewed  under  it. 

Low  hung  fixtures  directly  over  the  operating  table  have  also 
caused  difficulty  because  of  radiant  heat.  One  surgeon  recently 
described  the  equipment  in  his  operating  room  as  ''an  inverted 
bath  tub  full  of  hot  glaring  incandescent  filament  bulbs",  which 
during  an  operation  necessitated  the  constant  attention  of  one 
nurse  to  wipe  the  perspiration  from  the  faces  of  the  operating 
surgeon  and  his  assistants. 

These  typical  bath-tub  fixtures  were  not  always  sanitary,  they 
collect  dust,  and  the  light  distribution,  when  highly  concentrated, 
was  generally  productive  of  dense  shadows. 

At  all  times  the  color  of  artificial  light  has  differed  so  widely 
from  that  of  natural  daylight  that  tissues,  blue  veins,  arteries,  bile 
ducts  and  so  forth  were  seen  with  extreme  difficult}^,  if  at  all. 
Artificial  light  as  most  frequently  used  has  failed  on  many  counts 
but  particularly  in  color,  intensity  and  distribution.  Shadows 
should  be  softened — thoy  should  not  be  in  absolute  darkness  nor 
yet  eliminated  through  perfect  diffusion  of  light,  with  as  high 
intensities  of  illumination  on  those  surfaces  where  shadows  are 
natural  as  on  the  highly  lighted  parts.  An  absolutely  uniform 
illumination  of  all  surfaces  whether  horizontal,  inclined  or  vertical 
would  be  nearly  as  unsatisfactory  as  the  other  more  usual  extreme 
of  high  lights  and  dense  shadows. 

Nor  has  natural  daylight  been  wholly  ideal — it  has  only  been 
comparatively  better.  It  is  not  uniform  in  intensity  throughout 
the  day  nor  throughout  the  year.  Even  on  equally  clear  days  the 
intensities  between  summer  an.d  winter  vary  tremendously. 

With  cloudy  days  to  contend  with  even  natural  daylight  from 
day  to  day  is  none  too  good — at  its  worst  it  is  ciuite  as  inadequate 
as  has  been  the  average  artificial  lighting  eciuipnient. 

Because  of  the  necessity  for  (luick  accurate  vision  natural  day- 
light therefore  has  only  partially  met  tli(^  situation — met  it  only  on 
clear  bright  days  and  for  a  limited  huiuIxm-  of  hours  pvr  day.    This 
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quality  of  daylight  is  exceedingly  limited  during  many  months  of 
the  year  and  in  some  localities,  in  cities  and  towns  adjacent  to 
the  Great  Lakes,  the  percentage  of  cloudy  or  not  clear  days  is  well 
over  50  per  cent  throughout  the  year — by  far  the  greater  number 
of  clear  days  coming  in  the  summer  when  the  operating  rooms  are 
in  less  constant  use  because  of  vacation  periods  and  the  putting 
over  of  many  operations  to  evade  hot  weather. 

To  adequately  illuminate  operating  rooms  with  an  electric 
daylight  merely  required  a  photometric  study  of  operating  rooms 
under  satisfactory  conditions  of  natural  daylight  illumination, 
and  a  working  back  to  designs  in  lamps  adapted  to  the  reproduc- 
tion of  daylight,  to  enable  plans  to  be  worked  out  which  would 
result  in  the  proper  illumination  of  an  operating  room.  Depend- 
ence for  the  final  approval  of  the  result  was  left  to  the  judgment 
of  the  operating  surgeons. 

Operating  room  lighting  with  the  equipment  used  in  these  rooms 
is  therefore  not  an  experiment — nor  is  it  particularly  new — it  is 
just  an  engineering  adaptation,  fitted  to  the  operating  room,  of 
the  equipment  used  in  other  fields  during  the  past  seven  years. 
It  has  done  more,  however,  than  to  just  illuminate  an  operating 
room  for  emergencies,  for  late  afternoons  and  exceptionally  cloudy 
days.  It  is  represented  as  an  improvement  over  all  but  the  few 
best  natural  daylight  hours  of  the  year  in  operating  rooms  equipped 
with  more  than  the  usual  glass  window  and  skylight  areas.  It  has 
proven  to  be  a  system  of  lighting  so  adequate  that  operating 
rooms  may  be  located  with  a  view  only  to  their  convenience — no 
longer  is  it  necessary  to  go  to  the  top  floor  of  the  building. 

An  operating  room  with  this  system  of  lighting  may  be  located 
in  the  basement  just  as  satisfactorily  if  from  the  standpoint  of 
convenience  that  location  would  be  desirable. 

So  far  as  the  eye  can  judge,  and  the  operating  surgeons* 
opinions  taken,  it  is  natural  daylight  duplicated  or  reproduced  as 
to  color,  distribution,  and  the  necessary  intensity,  and  in  addition 
is  available  at  any  hour  from  any  electric  service  on  which  standard 
incandescent  electric  lamps  can  be  used;  direct  or  alternating 
current  and  voltages — no  to  125,  and  220  to  250  volts. 

A  light  permitting  exact,  accurate  color  discrimination  and 
freedom  from  the  usual  dust  collecting  intense  heat-radiating 
lighting  fixture  over  the  operating  table — a  lighting  effect  similar 


Fig.  I. — Exterior  view  of 
Macbeth  Daylight  Lamp 
Xo.  WDico  showing  pro- 
vision for  ventilation,  the 
suspension  rods  and  the 
method  of  attachment  to 
the  ceiling. 
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Fig.  2a. — Sectional  view  of  Lamp. 
Lamp  and  reflector  unit  is  adjust- 
able as  to  maximum  light  distri- 
bution from  vertically  downward 
to  35°  from  the  vertical,  towards 
center  of  room.  The  final  adjust- 
ment is  dependent  upon  the  size  of 
room  and  the  height  of  the  ceiling. 
The  procelain  lamp  socket  used  is 
also  readily  adjustable  to  properly 
center  the  filaments  of  the  300 
watt  or  1000  watt  flood  lighting 
bulbs  for  which  this  equipment  is 
designed. 
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Fig.  3- — Natural  Daylight.  The  ad- 
mitted ideal  on  days  when  day- 
light of  good  quality  is  available. 
Operating  Room,  Women's  Clinic 
Building,  Johns  Hopkins  Hospital, 
Baltimore,  Md. 

North  Window  lo  ft.  high  by  8 
ft.  wide,  "hammered"  glass.  Floor, 
green  tile.  Sidewall,  to  60  in. 
height — green  tile.  Room  24  ft.  by 
25  ft.  Ceiling  height,  16  ft. 
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to  that  of  an  all  glass  ceiling  with  a  clear  sky  continuously  over- 
head. 

In  planning  the  installations  here  illustrated  the  hospital 
authorities  emphasized,  first, — the  necessity  of  furnishing  a  high 
intensity  of  illumination;  second, — a  diffusion  of  light  which  would 
result  in  softened  shadows — that  is,  illumination  in  the  shadows; 
third, — the  importance  of  keeping  all  lighting  equipment  away 
from  the  region  over  the  operating  table,  thus  eliminating  the 
dust  and  heat  hazards;  and  fourth, — an  arrangement  of  lamps, 
screened  in  such  a  manner  as  to  eliminate  the  glare  factor. 

Glare  is  objectionable  because  of  those  retinal  burns  resulting 
in  more  or  less  persistent  after  images  which  for  an  interval,  long 
or  short  depending  upon  the  exposure  and  the  adaptation  of  the 
eye,  blurr  the  vision.  This  is  an  almost  instantaneous  result  of 
exposing  the  normal  eye,  even  for  a  flash  view,  to  the  over  bright 
filaments  of  our  present  high  efficiency,  high  temperature  concen- 
trated filament  light  sources.  The  glare  possibilities  lie  in  that 
zone  above  the  critical  angle  of  60°  from  the  vertical.  The  type  of 
lamps  used  in  these  installations  has  a  sharp  cut  off  at  5  5®  from  the 
vertical, — a  more  than  5°  safety  factor. 

This  system  of  daylighting  equipment  has  been  developed 
during  the  past  seven  years  for  manj^  specific  uses  in  industrial, 
textile  and  mercantile  fields  where  a  demand  existed  for  seeing 
colored  objects  and  materials  as  they  appear  in  good  natural  day- 
light. To  enable  exacting  inspection  and  critical  examination 
processes  to  bo  carried  through  on  dark  days  and  at  night  with 
results  equal  to  the  best  natural  daylight  hours,  and  without  the 
customary  eye  fatigue  associated  with  artificial  light. 

The  reproduced  daylight  from  these  lamps  or  lighting  equip- 
ment is  from  ordinary  clear  glass  Mazda  or  tungsten  filament 
l)ulbs  the  light  from  which  is  corrected  by  passing  througli  a 
special  light  filter  so  that  it  is  modified  in  (luality  to  ho  the  same 
as  natural  daylight  in  its  effect  on  colors.  It  is  not  loosely  des- 
cribed as  an  "approximate  daylight"  nor  as  a  light  approximating 
the  quality  of  sunlight  nor  of  any  particular  daylight.  So  far  as 
the  eye  and  color  are  concern(>d  it  is  daylight.  That  this  (^ITin't  has 
been  secured  has  })een  vouched  for  during  ovcm*  seviMi  yt^ars  of 
practical  every  day  use  by  hundnnls  of  eolor  expiMts  ch(H'king 
against  good  natuial  (la\light  with  thousands  of  colors,  shades  an<l 
hues  in  all  kinds  of  fabrics  and  matei-ials. 
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This  system  should  not  be  confused  with  the  various  arrange- 
ments of  ordinary  blue  glass  lamp  blubs.  While  these  blue  bulbs 
have  been  called  ''daylight  lamps"  b3'-  the  lamp  manufacturers 
it  is  generally  known  that  this  is  regarded  by  them  as  a  convenient 
commercial  designation  and  is  not  a  claim  for  technical  accuracy. 
The  fact  is  that  the  color  of  light  with  these  blue-green  bulbs  lies 
on  a  light-color  scale  about  midway  between  that  from  the  ordinary 
clear  glass  lamp  and  the  direct  light  of  the  sun  at  noon  in  the  sum- 
mer. This  light  is  therefore,  owing  to  its  midway  position,  as  close 
an  approximation  to  ordinary  artificial  light  as  it  is  to  sunlight. 

All  workers  in  color  know  that  observations  in  direct  sunlight 
are  misleading  and  of  little  value  in  color  identification,  and  they 
appreciate  also  that  there  is  a  wider  difference  between  the  color 
of  light  from  a  north  sky  exposure  and  direct  sunlight  than  there  is 
between  sunlight  and  ordinary  artificial  light. 

The  filters  used  are  solid  glass  with  the  color  in  the  glass  appear- 
ing dark  blue  by  daylight  and  clear  and  colorless  by  transmitted 
artificial  light.  They  need  only  be  kept  clean  by  an  occasional 
washing  and  used  with  standard  clear  glass  incandescent  electric 
bulbs  of  the  proper  size  and  voltage  rating. 

If  taken  in  time,  when  planning  new  buildings  and  credited 
with  window  and  skylight  construction  costs  which  may  be  saved 
the  total  cost  of  this  lighting  equipment  is  exceedingly  moderate. 

Much  depends  upon  the  size  of  the  rooms  and  particularly 
upon  the  height  of  the  ceilings,  which  largely  determine  the  num- 
ber of  lamps  to  use. 

The  maintenance  costs — for  bulb  replacement  and  electrical 
energy  are  of  course  greater  than  for  the  present  admittedly 
inadequate  luminaries.  These  costs  depend  largely  on  the  costs 
of  the  electric  service  and  in  terms  of  other  equally  important 
costs  have  been  shown  to  be  comparatively  insignificant.  They 
may  run  as  high  as  fifty  cents  to  a  dollar  per  hour's  use — a  total  cost 
most  nearly  comparable  with  that  for  gauze  and  bandages  or  a 
small  percentage  of  the  operating  room  charge  or  a  lesser  percent- 
age of  the  standby  charges  for  surgeons  and  attendants  during  an 
operation. 

The  relatively  higher  intensity  of  light  on  the  operating  table 
shown  in  Figure  4  resulted  in  an  over-iexposure  of  the  photographic 
negative  at  this  point.    The  intensity  of  light  on  a  horizontal  plane 
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Fig.  5.  Natural  Daylight.  Operat- 
ing Room.  Boston  Lying-in 
Hospital,  Boston,  Mass. 

Window  8  ft.  wide  extend- 
ing to  ceiling.  Room,  14  ft.  by 
16  ft.  Ceiling  height  10  ft.  6  in. 

"Shadowless  daylight"  as 
shown  here  is  a  phrase  that 
cannot  be  applied  to  the  light 
distribution  received  even  from 
this  large  window  with  north- 
ern exposure. 
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36  inches  high  and  over  the  area  extending  radially  more  than 
5  feet  from  the  center  of  the  room,  that  is  over  a  lo  foot  circle,  ran 
above  55  foot-candles.  This  intensity  was  appreciably  greater 
than  that  secured  at  noon  on  a  clear  day  with  natural  daylight. 

The  artificial  light  has  the  additional  advantage  in  being  di- 
rected from  four  sides,  equally  illuminating  vertical  and  oblique 
surfaces  where  with  natural  daylight,  owing  to  the  window  loca- 
tions, the  surfaces  facing  the  windows  were  highly  illuminated 
with  somewhat  dense  shadows  on  the  other  two  sides. 

The  negatives  of  both  operating  rooms  are  without  retouching 
and  the  prints  are  free  of  art  work.  Just  plain  photographic 
comparisons  by  local  disinterested  photographers,  using  exclusively 
of  course  the  sources  of  light  shown  in  each  illustration. 

In  the  illustrations  of  the  Boston  installation,  Figures  5  and  6, 
the  photographer  used  particular  care  to  give  both  exposures 
equal  time,  with  the  same  lens  stop,  same  kind  of  plates,  equal 
development,  etc. 

The  curtains  shown  on  the  windows  were  fitted  shortl}^  after 
the  electric  daylighting  was  used.  Visibility  conditions  were 
found  to  be  much  better  when  the  view  of  the  sky  and  the  varying 
intensity  of  the  natural  daylight  due  to  the  alternating  clear  sky, 
light  and  dark  clouds,  were  shut  out. 

At  night  the  curtains  reflect  into  the  room  that  light  which 
would  otherwise  be  lost  by  transmission  through  the  window  glass. 

Photometric  measurements  in  the  Boston  room.  Figure  6, 
showed  an  average  of  over  65  foot-candles  on  the  36-inch  hori- 
zontal plane,  uniform  over  a  ten  foot  circle.  Compared  to  the 
results  in  Figure  5  with  natural  daylight,  the  artificial  light 
intenpiti(\s  were  higher  at  all  points  beyond  two  feet  from  the 
window  and  from  the  center  of  the  room  to  the  wall  opposite  the 
window,  the  intensities  were  from  three  to  seven  times  those  of  the 
natural  daylight.  The  artificial  light  was  appreciably  more  uni- 
form while  retaining,  of  course,  all  the  color  advantage  of  natural 
chiyhght. 

Of  course  there  hnvv  Ixumi  objiM'tions  raisc^l  to  this  system, 
relatively  few  l)y  those  who  have  seen  either  of  th(^s(*  two  instaUa- 
tions;  our  chief  (lifliculty  is  with  thos(^  who  iwo  color  blii'd  (Mther 
wholly  or  |)nrtially  and  with  the  gr(>ater  nuinlxw  who  are  actually 
unaware  of  the  enormous  dilTerence   in   color  hi>(\veen   ordinary 
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artificial  light  and  daylight.  They  apparently  have  no  apprecia- 
tion of  the  unseen  detail  under  artificial  light  and  the  visual 
possibilities  of  daylight;  and  particularly  of  the  advantage  of  in- 
tensities of  over  fifty  foot-candles  even  with  objects  or  materials 
having  high  reflection  factors.  It  has  long  been  my  conclusion 
that  much  of  the  going  to  the  window  or  the  store  door  to  see 
what  a  fabric  looked  like  was  not  so  much  because  of  color  but 
for  the  detail  revealing  high  intensity  daylight,  which  would  help 
out  the  sense  of  touch  with  that  of  sight — to  see  whether  a  material 
was  pressed  hair,  woven  wool  or  matted  cotton  fiber. 

The  effective  filtered  lumens  per  watt  on  a  photometric  basis 
from  this  equipment  will  probably  not  exceed  five  and  may  in 
some  instances  be  as  low  as  two.  This  is  not  due  to  an  inefficient 
filter  any  more  than  a  wire  screen  which  would  only  pass  sand  and 
gravel  not  exceeding  the  size  desired  would  be  inefficient  if  it 
passed  practically  all  of  the  size  for  which  it  was  designed  and  none 
larger. 

This  subtraction  method  of  correcting  the  light  from  Madaz 
lamps  necessitates  considerable  absorption  in  the  red,  orange  and 
yellow  to  even  up  this  part  of  the  spectrum  with  the  violet  and 
blue  proportions  in  the  light  of  the  tungsten  lamp  wherein  it 
differs  from  visual  daylight.  To  return  to  the  screen  and  sand, 
what  would  you  do  if  desiring  sand  and  gravel  not  exceeding  that 
size  which  would  pass  a  one  quarter  inch  mesh  if  you  found  the 
laborer  after  shovelling  ten  cubic  yards  of  gravel  against  the 
screen  had  secured  only  one  or  two  cubic  yards  of  the  desired  size — 
a  three-eights  or  half  inch  screen  wouldn't  be  considered  more 
efficient  as  it  would  probably  pass  too  much  of  sizes  above  that 
desired — you  wouldn't  blame  the  screen  but  the  sand  pit  and  you 
would  probably  advise  your  laborer  to  select  a  part  of  the  pit 
further  removed  from  the  boulder  size  and  ring  more  into  the 
desired  sand  and  gravel  size.  The  tungsten  lamp  is  our  gravel  pit — 
if  we  have  to  sift  or  filter  out  a  considerable  quantity  of  the  total 
flux  it  is  because  of  the  large  proportion  of  long  wave  lengths  com- 
pared to  the  much  lesser  proportion  of  shorter  wave  lengths  in 
the  visible  spectrum  of  that  lamp — but  don't  charge  the  filter 
with  being  ineflficient  if  the  resultant  color  of  light  has  been  pro- 
perly corrected.  An  accurate  reproduction  of  daylight  is  the  sole 
basis  on  which  filters  can  be  rated  as  efficient  or  not.     The  re- 
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lie.  7. — Plan  and  Elevation. 

A  sugKestod  typical  arranKcnient 
of  daylight  ceiling  lamps.  The 
number  of  lamps  and  size  of  rect- 
angle depending  upon  the  size  of 
the  room,  the  height  of  the  ceiling 
and    the   intensity  of  light  desired. 
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Fig.  8. — Operating  Room  Emergency 
Lamp  as  installed  in  Boston  Lying- 
in  Hospital. 

Electric  hand  lamp  with  ample 
cord,  connected  to  the  storage  bat- 
tery circuit  supplying  electric 
clocks,  annunciators,  etc.  In  the 
event  of  a  breakdown  of  the  regular 
electric  service,  Light  is  here  im- 
mediately available  at  the  turn  of 
the  socket  key.  This  is,  without 
doubt,  the  most  reliable  always 
ready  for  use  adequate  light  distri- 
buting combination  yet  developed 
for  operating  room  emergency 
lighting. 

Extra  50-watt,  32-volt  bulb  also 
stored  in  metal,  glass  door  cabi- 
net conveniently  located  on  side 
wall.  Cabinet  22  in.  high,  12  in. 
wide  and  4  in.  deep. 
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Fig.  9. — Plan  and  Elevation. 

An  operating  room  where  day- 
light ceiling  lamps  are  to  be  install- 
ed in  an  all  glass  ceiling  below  a 
skylight  which  it  was  desired  to  re- 
tain. The  X-in-circle  symbols  in- 
dicate another  circuit  of  ordinary 
artificial  light  from  the  same  lamp 
structure  as  the  electric  daylight. 
This  light  is  provided  for  clean  up 
purposes  and  for  general  illumina- 
tion when  the  room  ia  not  in  \ise 
for  operations. 
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Fig.  10. — Plan  and  Elevation. 

An  amphitheater  suggestion 
where  in  .%  comparatively  small 
room  with  a  20-foot  ceiling  height 
it  is  planned  to  supply  an  octagon- 
al fixture  with  lamp.s  on  practically 
l2-ft.  centers,  the  light  to  be  direct- 
ed toward.s  the  operating  table 
from  eight  sides  and  from  20 
individual  sources,  .\mple  light 
from  this  e(iuipment  is  al.'^o 
distributed  throughout  the  room 
for  its  adequate  general  illumina- 
tion. Four  lami>s  in  the  same  fix- 
ture on  a  separate  circuit  provide 
general  illumination  of  ordinary 
artiliciiil  light  (piality.  This  circuit 
IH  to  be  electrically  controUcil  in 
Hucli  a  manner  however,  that  it 
cannot  bo  used  alonji  with  the  day- 
lighting  equipment. 
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sultant  ratio  of  effective  to  total  flux  is  most  largely  up  to  the 
distribution  of  luminous  flux  from  the  light  source — its  proportion 
of  visible  short  vs.  long  wave  lengths.  And  on  that  point  the 
tungsten  lamps  we  all  admit  as  having  a  high  efficiency  are  only 
relatively  high  as  compared  for  instance  to  the  carbon  filament 
lamps,  as  in  their  conversion  of  energy  into  luminous  flux  they  are 
still  more  than  90  per  cent  inefficient. 

What  about  glass  breakage — suppose  a  filter  should  break? 
That  is  possible  but  not  probable.  The  glass  is  a  laboratory 
product,  is  thoroughly  annealed,  and  each  filter  is  cut  into  quad- 
rants, which  are  asbestos  packed  on  the  edges,  supported  with 
metal  straps  and  bound  together  with  a  heavy  channel  band.  In 
our  several  years'  experience  with  thousands  of  these  filters  in  use 
in  all  kinds  of  places  we  have  not  known  of  a  single  piece  of  glass, 
falling  from  a  lamp.  In  a  very  small  percentage  of  cases  a  filter 
may  crack  but  we  have  never  had  a  crack  which  released  a  piece 
of  glass  in  this  size  filter. 

About  heat,  with  twelve  to  twenty  kilowatts  per  room,  twenty 
to  forty  watts  per  square  foot,  the  heat  generated  must  be  con- 
siderable? It  is.  It  is  so  uniformly  distributed,  however,  and  the 
lamp  housing  designed  as  it  is  to  pass  considerable  quantities  of  air 
removes  by  convection  what  might  be  described  as  the  excess 
heat,  with  the  final  result  of  a  most  uniformily  ventilated  room, 
with  comparatively  slow  moving  air  of  relatively  large  volume 
and  an  increased  temperature  due  to  the  lamps  of  three  to  five 
degrees  Fahrenheit  and  that  without  any  forced  draught  or  fan 
exhaust — simply  provision  above  the  ceiling  for  the  escape  of  the 

heated  air. 

DISCUSSION 

W.  J.  Weglener:  Mr.  Macbeth's  talk  has  been  enlightening 
literally  as  well  as  figureatively  speaking  and  the  information  he 
has  given  us  is  particularly  valuable,  as  it  is  based  upon  a  life  long 
study  of  this  subject. 

The  Kny-Scheerer  Constant  Operating  Room  Light,  is  a 
practical  light  produced  after  many  years  of  experience  in  operat- 
ing rooms  with  surgeons.  It  not  only  meets  but  exceeds  actua- 
requirements.  The  function  of  the  operating  room  fight  is  to  pro- 
duce a  constant,  clear  and  concentrated  light  on  the  field  of  operal 
tion,  and  one  that  will  show  the  true  pathological  colors  of  the 
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tissues.  Briefly  described,  the  Kny-Scheerer  Light  is  a  24"  para- 
boHc  reflector  with  six  75-watt  blue  dayHght  lamps,  mounted 
about  seven  (7)  feet  from  the  floor. 

In  an  operation  there  exists  the  possible  need  of  moving  the 
patient  from  one  position  to  another.  In  the  case  of  most  con- 
centrated lights,  the  area  of  intense  illumination  is  so  limited  as  to 
make  it  difficult  to  move  the  patient  without  interf erring  with  the 
density  of  illumination  on  the  field  of  operation.  To  overcome  this, 
our  Operating  Room  Light  has  been  designed  so  that  the  light  is 
sufficiently  defused  to  permit  the  moving  of  the  patient  on  the 
table  without  in  any  way  interferring  with  the  density  of  illumina- 
tion. 

Of  greatest  importance  to  the  surgeons  and  hospital  authorities, 
to  say  nothing  of  the  patient  is  the  auxilliary  gas  lighting  attach- 
ment. At  first  consideration  this  seems  of  minor  importance,  but 
let  us  go  into  it  further,  and  let  me  tell  you  of  an  actual  fact,  the 
hospitals  in  Roanoke,  Virginia,  rely  entirely  on  electric  power  as  a 
means  of  illuminating  their  operating  rooms.  Recently,  the  power 
was  shut  off  for  a  considerable  period,  and  but  one  hospital  was 
able  to  continue  operating  without  any  delay  whatever.  This  was 
because  they  had  installed  our  light,  and  when  the  electricity  was 
cut  off,  it  required  but  the  fraction  of  a  second  for  the  nurse  to 
reach  up  and  turn  on  the  gas  light  and  full  illumination  was  re- 
sumed. 

In  instances  such  as  this,  not  only  is  the  surgeon's  reputation, 
as  well  as  the  reputation  of  the  hospital  injured,  but  of  far  greater 
importance  is  the  fact  that  the  patient's  life  may  be  lost  through 
even  a  minutes  delay  in  the  operation. 

The  fact  that  this  has  happened  once,  simply  proves  that  it  may 
happen  again,  and  our  light  is  hut  a  form  of  insui'ance  against 
tragedy. 

In  the  constniction  of  this  h'ght,  we  have  been  able  to  eliminate 
the  disagre(Mible  f(\ature  of  ifitctise  heat.  The  t(Mii|)(Matur(^  existing 
in  t  lie  ojxTal  ing  room  is  go°  F.  Most  fights  give  out  so  gr(\'i(  ;i(ni;iii- 
tity  of  heat,  as  to  make  the  t(Mn|)eratur(»  so  high,  that  it  n^tards  the 
action  of  the  surgeon.  Our  li«j:;ht  is  wvW  vefitil:it(Ml,  and  it  has  been 
[)rov('n  that  a  surgeon  could  work  continuously  for  over  two  hours 
directly  under  this  light.  So  far  as  actual  construction  of  the 
light  is  conc(»rne(l,  the  dome  outside  is  constructed  of  brass  and 
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copper  with  baked  white  enamel  finish.  This  means  that  it  can  be 
easily  washed  and  kept  perfectly  clean.  The  bottom  is  of  wired 
plate  glass,  which  eliminates  the  possibility  of  broken  glass  falling 
on  the  field  of  operation. 

Charles  Crane  :  This  question  of  lighting  operating  rooms  is 
a  very  vital  question.  We  have  indeed  learned  a  great  deal  from 
this  demonstration  today. 

The  Kny-Scheerer  lamp,  with  its  instantaneous  gas  connection 
making  it  possible  to  get  the  same  candle  power  in  case  of  an 
emergency  from  the  breaking  down  of  your  own  plant  or  the 
current  contracted  for,  is  a  wonderful  thing. 

The  other  lighting  system  demonstrated  is  also  quite  a  wonder- 
ful improvement  on  account  of  the  perfect  daylight  and  the  re- 
production of  the  human  flesh  that  is  given  to  the  human  flesh 
present  here  today. 

I  think  that  both  of  these  equipments  should  be  sent  to  the 
American  Hospital  Association  so  that  they  may  have  the  neces- 
sary data  to  furnish  Hospital  Supts.  and  others  who  are  vitally 
interested  in  the  lighting  of  operating  rooms  and  accident  rooms. 

Both  of  these  gentlemen  should  see  that  their  firms  give  this 
data  to  the  Liberty  Bureau  of  the  American  Hospital  Association. 

S.  S.  Frank:  I  have  nothing  particular  to  say  other  than  on 
the  subject  of  emergency  lighting  for  operating  rooms,  just  brought 
up  by  Mr.  W.  J.  Weglener.  In  a  hospital  now  in  course  of  con- 
struction we  have  taken  care  of  this  in  a  very  satisfactory  way, 
but  unfortunately  it  is  not  possible  in  all  hospitals.  There  will 
be  two  sources  of  current  supply — the  New  York  Edison  d.c. 
street  mains  for  elevators  and  other  motors;  the  United  Electric 
Light  &  Power  Company  a.c.  street  mains  for  x-ray  work  and 
general  illumination.  Each  of  seven  operating  rooms  has  a  circuit 
from  each  of  the  sources,  controlled  by  an  automatic  switch  that 
instantaneously  throws  in  the  second  circuit  on  failure  of  the 
normal  one. 

At  present  we  are  contemplating  installing  the  Artificial  Day- 
lighting  system.  It  is  quite  expensive,  but  reports  from  two  hospi- 
tals where  it  has  been  in  use  are  so  favorable  that  we  have  about 
come  to  the  conclusion  that  we  can  not  afford  to  omit  it. 

G.B.Nichols:  The  subject  under  consideration  deals  with  two 
questions.    There  are  two  types  of  hospitals,  two  types  of  operat- 
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Ing-rooms.  In  some  of  the  hospitals,  take  our  state  hospitals  for 
insane,  with  which  I  am  familiar,  there  might  not  be  more  than 
one  operation  a  day  performed  in  the  operating-room,  and  perhaps 
not  as  many  as  that.  For  that  type  of  operating-room,  it  strikes 
me  it  would  be  rather  impractical  to  go  into  Mr.  Macbeth's 
system.  In  the  private  hospital,  where  a  physician  has  his  own 
private  operating-room,  he  probably  would  go  into  the  simpler 
system.  But  in  a  hospital  where  they  were  carrying  on  continuous 
operations  that  would  require  continuous  service  of  the  room,  the 
hospital  could  afford  the  more  elaborate  system,  and  probably 
would,  with  more  refinements. 

A.  L.  Pow^ell:  My  experience  in  dealing  with  surgeons  and 
hospital  superintendents  has  indicated  that  the  cost  of  operating 
the  lighting  is  practically  negligible.  Not  only  are  the  conditions 
of  use  ver}^  critical  but  a  relatively  high  rental  per  hour  for  the 
room  is  obtained.  The  money  which  is  expended  for  electric 
power  is  indeed  a  very  minor  item  and  the  hospital  can  v/ell  afford 
to  put  in  the  best  system  that  is  available.  A  special  storage 
battery  has  been  used  in  a  number  of  cases  as  an  auxilliary  source 
of  power.  This  needs  very  careful  supervision,  otherwise  the  house 
electrician  is  very  likely  to  neglect  it,  if  it  has  not  been  called 
upon  for  a  period  of  several  months  and  the  very  time  when  one 
wishes  to  use  the  battery  it  may  be  out  of  commission.  A  much  better 
scheme  is  to  have  the  auxiliar}'  lighting  connected  to  the  line 
serving  bells,  clocks  and  indicators,  which  system  being  in  con- 
stant use,  will  be  properly  maintained. 

W.  T.  I^lackwell:  I  remember  some  years  ago  when  I  was 
connected  witli  \hc  City  Government  in  New  York  City  that  we 
found  the  lighting  in  hospitals  anti(|uat(Ml  and  no  provisions  made 
for  duplicate  illumination.  We  hit  upon  an  expedient  of  using 
duplicate  sources  of  illumination, — that  is  both  gas  and  electric- 
ity. While  it  did  not  |)rove  altogether  satisfactory,  yet  it  was 
the  only  means  that  we  had  of  solving  tlu>  pioblcMu. 

One  of  the  diflicult ies  expeiienced  in  lainj)  illinninat ion  was  the 
heat  affected  the  silvering  on  tlu'  mirrorcul  rc^llectoi's  uschI  on  hospi- 
tal units.  Another  diflicult y  was  k(M^|)ing  th(^  gas  mantl(^  lights  in 
proper  working  order.  Almost  invariably  upon  insjiection  of  the 
gas  mantel  lighting  it  was  found  that  tJie  e(|ui|)ment  had  been 
neglected  and  was  no!  in  working  order. 
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It  would  seem  to  me  that  the  plan  of  using  electricity  solely 
with  separate  sources  of  supply  is  a  much  more  dependable  plan. 
It  does  away  entirely  with  the  difficult  maintenance  of  the  gas 
system. 

C.  C.  Colby,  Jr.:  It  appears  to  me  that  in  a  good  many  cases 
there  would  be  cause  to  perform  an  operation  without  a  general 
anesthetic,  that  is,  cases  in  which  the  patient  would  be  conscious. 
I  wonder  if  Mr.  Macbeth  has  any  installations  in  mind  which  have 
been  made  with  a  view  to  eliminating  the  glare  in  the  patient's 
eyes,  which  might  be  a  source  of  annoyance. 

Norman  Macbeth:  Mr.  Powell  raised  the  point  with  refer- 
ence to  storage  batteries.  Undoubtedly,  the  storage  battery  makes 
an  excellent  emergency  lighting  system  but  all  emergency  lighting 
systems  should  be  used  every  day,  the  battery  should  have  clock 
or  annunciator  duty  to  insure  its  regular  maintenance. 

I  recall  a  recent  breakdown  of  hospital  operating  room  lighting 
service  from  an  electric  plant  that  had  not  been  off  before  in  twenty 
years.  Can  you  imagine  an  emergency  service,  maintained  solely 
as  such  for  twenty-one  years  which  would  be  one  hundred  per 
cent  available  unless  the  service  was  also  used  for  some  every  day 
purpose? 

Many  of  the  members  recall  that  I  had  some  gas  experience- 
It  was  found  in  department  stores  and  other  places  where  gas 
mantle  lamps  were  used  for  emergency,  that  they  were  not  there 
with  the  desirable  light  output  when  the  emergency  arose.  A 
mantle  is  highly  hydroscopic;  it  will  take  up  a  great  deal  of  mois- 
ture and  dust.  The  gas  should  be  used  frequently.  You  can  use 
your  electric  with  it,  or  use  your  electric  for  an  emergency,  but 
you  can't  have  an  emergency  gas  lamp  unless  it  is  practically 
in  constant  use.  That  was  found  to  be  the  case  in  a  city  I  recall 
where  they  had  a  good  many  electrical  breakdowns  and  as  a  con- 
sequence all  the  department  stores  largely  dublicated  their  in- 
stallations. But  they  weren't  used  as  duplicate  installations; 
they  were  used  as  supplement  installations.  Gas  and  electric 
lamps  were  regularly  in  use  throughout  each  floor. 

In  talking  to  a  surgeon  from  Winnipeg  a  short  time  ago  he  told 
me  that  at  one  time,  just  in  the  midst  of  an  operation  a  thunder- 
storm struck  them,  and  since  their  plant  was  of  the  hydro-electric 
type,  the  lines  went  down.     It  happened  that  somebody  had  a 
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flashlight;  you  can  get  remarkably  good  ser\dce  from  such  a  small 
lamp  over  a  small  area.  The  flashlight  saved  the  situation  for  him. 
I  recall  a  discussion  on  hospital  lighting  in  England  a  short 
time  ago,  and  their  conclusion  was  also  that  a  good  storage  battery 
outfit  with  two  or  three  lamps  made  the  best  emergency,  provided 
they  were  used  frequently. 

Mr.  Nichols  speaks  about  an  ordinary  operating-room  where 
they  have  an  operation  a  day.  I  have  been  informed  that  there 
are  days  when  they  cannot  operate,  as  natural  daylight  is  nob 
sufficient  at  any  hour  of  the  day. 

While  this  system  here  may  seem  exceedingly  elaborate  from 
the  standpoint  of  lighting,  it  isn't  unduly  expensive  when  com- 
pared with  other  hospital  equipment.  I  was  talking  to  Dr.  Win- 
ford  Smith  director  of  John  Hopkins.  He  was  very  proud  of  his 
new  sterilizing  outfit.  That  outfit  cost  $100  more  than  the  light- 
ing equipment.  When  our  demonstration  was  made  down  there, 
one  of  the  surgeons  asked,  ''What  have  we  got  in  the  old  operating- 
room?"  I  said,  "You  have  a  300-watt  lamp  in  the  metal  reflector. 
We  have  16,000  watts  here.  He  said,  '*We  can't  go  from  300  to 
16,000."  But  I  explained  we  have  to  consider  such  a  question 
relatively.  If  you  want  this  kind  of  fighting  you  can  have  it. 
Let  us  consider  its  relative  cost.  Don't  consider  the  value  of  the 
patient's  life,  or  how  important  that  patient  may  be,  but  merely 
the  standby  charges  in  the  operating-room,  even  the  steam  heating 
element,  don't  neglect  the  minor  cost  of  the  cotton  gauze  that  they 
sop  up  and  throw  away  (they  don't  waste  it  any  more,  they  re- 
claim it),  and  the  cost  of  reclaiming. 

After  you  have  this  total,  I  am  not  inclined  to  l)elieve  that  this 
system  will  be  considered  relatively  expensive  with  a  cost  of 
approximately  50  cents  an  hour  to  run.  What  is  50  cents  an  hour 
if  you  can  practically  lift  the  roof  off  your  operating  room  and 
have  day-light  from  all  angles  and  at  a  desirable  intensity  24 
hours  of  the  day? 

That  brings  up  anolhcr  point.  I  receive  inquiries,  ''Send  us 
particulars  about  your  lamp,"  To  which  we  reply,  "W(^  haven't 
got  a  lamp.  Send  us  particulars  of  your  oj)erating-room."  In  other 
words,  it  is  a  lighting  system  that  has  to  \)r  IMiod  into  th(^  i)lace 
in  which  it  is  to  be  used. 
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Chairman  Powell:  You  don't  answer  Mr.  Colby's  question 
about  glare. 

Norman  Macbeth:  That  question  hasn't  been  raised  in  any 
of  our  installations.  We  can  take  care  of  any  reasonable  demand 
as  far  as  glare  is  concerned  for  an  observer  or  worker  in  any 
position  in  the  room,  of  course,  with  a  patient  not  under  an  anesthe- 
tic, lying  flat  on  his  back  looking  up  at  the  ceiling,  it  is  a  different 
matter,  but  so  far  as  any  one  else  in  the  room  is  concerned,  all  the 
other  out-off  angles  in  this  equipment  are  below  60  degrees  from 
the  vertical;  some  of  the  light  is  out-off  at  45  degrees,  so  it  is  only 
by  looking  directly  up  at  the  lamps  you  can  see  the  bright  filaments 
which  of  course,  are  tremendously  toned  down,  when  viewed 
through  the  filters. 

I  saw  an  article,  a  short  time  ago,  about  some  operation  they 
performed  with  a  local  anesthetic,  and  they  clamped  a  radio 
receiving  set  on  the  patient's  head  so  he  could  get  a  little  diversion. 
Perhaps  he  can  get  a  little  side  diversion  also  from  a  view  of  these 
lamps. 
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THE  COLORIMETRY  AND  PHOTOMETRY  OF  DAYLIGHT 

AND  INCANDESCENT  ILLUMINANTS  BY  THE 

METHOD  OF  ROTARY  DISPERSION* 


BY  IRWIN  C.  PRIEST 


SYNOPSIS:  Further  studies,  both  theoretical  and  experimental  have  been  made  on  toe 
methods  of  photometry  and  colorimetry  previously  proposed  by  the  author.  (Phy.  Rev.  (2)  9, 
p.  341;  1917.  Phy.  Rev.  (2)  10,  p.  208;  1917.  J-  Op.  Soc.  Am.  5,  p.  178;  1921.  J.  Op.  Soc.  Am.  6, 
p.  27;  1922.   B.S.  Sci.  Pap.  443;  1922). 

In  the  hght  of  this  work,  the  method  is  now  proposed  as  a  complete  and  satisfactory  solu- 
tion of  the  practical  problem  of  the  visual  photometry  and  colorimetry  of  the  illuminants  (in- 
cluding the  important  phases  of  daylight)  whose  spectral  distribution  approximates  the  Plan- 
ckian  formula  closely  enough  to  give  a  color  match.  This  solution  is  based  upon  the  principle  of 
the  additivity  of  homogenous  luminosities  and  the  assumption  of  a  standard  \'isibility  function. 

The  method  falls  in  the  general  class  of  substitution  "equality  of  brightness"  methods. 
All  brightness  matches  are  made  at  a  color  match.  This  color  match  is  obtained  by  modifying 
the  color  of  a  constant  comparison  source  by  allowing  its  light  to  pass  through  a  train  of  nicol 
prisms  and  quartz  plates  which  form,  in  eflfect,  a  blue  or  yellow  filter  of  continuously  adjustable 
spectral  transmission. 

Tables  and  graphs  have  been  prepared  by  which  color  temperature  and  candlepower  or 
brightness  may  be  readily  obtained  from  the  instrument  readings  on  the  basis  of  any  ^^sibi]ity 
which  it  is  desired  to  assume  as  standard. 

(Mr.  Priest  exhibited  a  rnodel  of  the  ''Rotatory  Dis- 
persion Colorimetric  Photometer"  as  constructed  by  the 
Bureau  of  Standards  for  use  in  the  colorimetry  and  pho- 
tometry of  daylight  and  incandescent  illuminants.) 

This  instrument  represents  the  chief  tangible  resuU.  of  the 
development  of  an  idea  with  which  I  have  been  working  more  or 
less  intermittently  for  more  than  eight  years.  During  that  period 

♦Strnf)grnpf)ic  report  of  a  pnpor  dolivorod  by  invitation  before  the  Scvontorntli  .Annual 
ConvfMition  of  the  liiuniinating  Isnginorriiig  Society  at  Lake  Cleorge,  N.  Y.  Sept.  2(y,  1023.  ns 
reviHod  and  amended  by  tlio  speaker.  Published  by  permission  of  tlie  Director  of  the  Huron  u 
of  KtundardH,  U.  S.  Department  of  Commerce,  and  the  Director  of  the  Mun.soll  Hesearch 
Laboratory.  The  inntrument  (lescribcd  wa«  developed  in  part  while  the  autiior  was  an  employee 
of  tlio  Hureau  of  Staiidiinl.H  and  in  part  while  a  Hesriiroh  As.sociate  of  tlie  Mun.sell  Color  Co., 
Btationed  at  tlin  Hureau  of  Staridard.s. 

The  IllumiMiif iuK  I'liiKinecring  Society  is  not  rr.-spon.sihle  for  tlu«  .stiiteiuents  or  opinions 
advanced  by  contnlnitors. 
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I  have  published  a  number  of  somewhat  fragmentary  and  inade- 
quate papers  on  various  phases  of  this  subject,  but,  up  to  date, 
there  has  been  no  adequate  pubUcation  and  no  unified  treatment 
of  the  subject.  However,  a  paper  which  I  hope  will  be  an  ade- 
quate presentation  of  the  whole  subject  will  appear  in  the  Decem- 
ber number  of  the  Journal  of  the  Optical  Society. 

My  chief  purpose  in  accepting  the  invitation  of  your  Papers 
Committee  to  speak  at  this  meeting  was  to  present  the  subject 
personally  in  a  more  concrete  manner  by  exhibiting  this  instru- 
ment and  demonstrating  it  to  you.  With  this  point  of  view,  I  do 
not  intend  to  weary  you  with  a  detailed  exposition  of  the  theory 
of  the  instrument  which  I  think  you  can  follow  much  more  to  your 
own  satisfaction  and  convenience  in  the  printed  paper  which  will 
appear  later.  If  you  do  this,  you  will  find  some  rather  formidable 
mathematical  formulas;  but  I  assure  you  they  are  perfectly  harm- 
less and  they  do  not  militate  in  any  degree  against  the  usefulness 
or  practical  value  of  the  method.  In  the  paper  they  serve  the 
purpose  of  brevity  of  expression — and  I  believe  that  it  is  com- 
monly understood  that  such  decorations  add  to  the  dignity  of  a 
scientific  paper — but  their  detailed  consideration  here  might  have 
a  depressing  effect  on  what  might  otherwise  be  an  enjoyable 
occasion.  * 

To  get  to  the  meat  of  this  matter,  this  instrument  serves  two 
purposes  which  are  somewhat  distinct  but  at  the  same  time  are 
very  closely  related. 

The  first  purpose  is  the  color  grading  of  all  the  ordinary  phases 
of  daylight  and  all  the  incandescent  illuminants  on  a  simple,  in- 
telligible scale  color,  that  is  on  the  scale  of  color  temperature  as 
first  developed  largely  by  Hyde,  his  colleagues,  and  others,  and 
notably  extended  by  the  use  of  this  instrument.  The  extension 
consists  of  extending  the  experimental  range  of  the  method  from 
about  3,200  degrees  absolute,  where  Hyde's  work  left  it,  up  to  the 
quality  of  the  color  of  daylight  and  the  blue  sky,  that  is,  up  to 
color  temperatures  in  the  neighborhood  of  20,000  or  24,000  de- 
grees absolute. 

The  second  purpose  of  the  instrument  is  to  afford  a  means  of 
comparing  the  relative  intensities  of  illuminants  in  spite  of  their 
difference  of  quality,  and  in  doing  this  it  covers  the  whole  field  of 
the  various  phases  of  daylight,  and  all  the  incandescent  illumin- 
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ants,  down  to  the  yellow  Hefner  lamp.  That  is,  it  circumvents  the 
difficulties  of  heterochromatic  photometry.  It  does  this,  of  course, 
on  the  basis  of  an  assumed  standard  for  the  visibility  function 
which  Dr.  Gibson  was  discussing  a  few  minutes  ago. 

I  believe  I  can  present  this  subject  most  clearly  by  describing 
first  the  instrument  and  its  use,  getting  right  down  to  brass  and 
glass  in  its  application,  rather  than  by  following  the  usual  pro- 
cedure of  such  a  presentation  and  elaborating  on  the  theory  first 
and  then  showing  its  incorporation  into  the  instrument. 
************ 

At  this  point  the  speaker  described  the  instrument  and 
its  use,  pointing  out  its  principal  parts  both  on  the  instru- 
ment itself  and  on  diagrams  (b}^  lantern  slides)  showing  its 
construction.  He  also  exhibited,  by  a  lantern  slide  dia- 
gram, representative  standard  data  on  the  color  tempera- 
ture of  various  phases  of  daylight  and  various  incandescent 
illuminants.  Since  this  portion  of  the  discourse  can  not  be 
understood  without  reference  to  the  diagrams,  reference 
must  be  made  to  a  paper  which  will  appear  under  the  same 
title  in  the  Journal  of  the  Optical  Society  of  America, 
December,  1923.) 
*******  *         ♦  *** 

This  method  and  instrument  provide  means  for  the  specifica- 
tion of  color  quality  and  the  measurement  of  relative  intensity 
for  all  incandescent  ilhnninants  and  the  important  phases  of  day- 
light, including,  on  one  extreme,  the  Hefner  lamp,  and,  on  the 
other,  the  blue  sky.  The  practical  solution  of  the  problem  of  the 
photometry  of  illuminants  of  different  quality  here  proposed  is 
given  explicity  in  the  most  simple  and  fundamental  terms  possible 
in  the  nature  of  the  problem.  The  method  is  free  of  non-repro- 
ducible terms  and  temporary  exi)edi(^nts  in  sjiecification.  At  the 
same  time  it  appears  to  be  convenient  and  w(^ll  adapt (h1  to  ordinary 
routine  work  in  the  lal)oratory  or  in  the  field.  This  method  and 
instrument  are  therefore  recommended  to  the  consideration  of  the 
Illuminating  lOngineering  Society  as  a  fundamental  and  convenient 
solution  of  the  problems  of  the  colorimetry  and  photometry  of 
incandescent  sources  and  daylight. 

1'here  is  obviously  a  great  deal  of  detail  which  I  can  not  dis- 
cuss within  the  tiitie  now  av.'ili.'ible.     (Among  otluM*  it(Mns  is  the 
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use  of  the  "spectral  centroid  of  light"  as  a  color  index  in  some 
respects  preferable  to  ''color  temperature".)  I  have  planned  to 
set  up  this  instrument  in  the  lobby  upstairs  with  some  lamps  which 
I  have  brought  along.  I  will  exhibit  it  in  operation  and  let  those 
who  may  be  interested  stop  there  this  afternoon  and  look  into  it. 
I  have  here  the  complete  manuscript  of  the  paper  including  the 
figures,  and  will  have  it  upstairs  with  the  instrument.  Those  who 
are  interested  may  come  and  talk  with  me  about  it;  those  who  are 
not  may  play  golf.  (The  instrument  was  exhibited  in  operation  in 
the  hotel  lobby  during  the  afternoon) 

DISCUSSION 

M.  Luckiesh:  As  one  interested  in  color  measurement  for  a 
great  many  years  I  want  to  take  this  opportunity  of  expressing  my 
appreciation  to  Dr.  Priest  for  the  culmination  of  a  really  fine  job. 

I  confess  that  at  times  I  was  rather  doubtful  as  to  the  outcome 
of  an  instrument  using  nicol  prisms,  not  on  account  of  Dr.  Priest's 
ability  at  all  but  on  account  of  the  fact  that  I  have  abhorred  nicol 
prisms  in  certain  work. 

I  am  sorry  Dr.  Priest  did  not  have  time  to  go  into  the  details  of 
this.  To  me,  it  is  most  fascinating  because  it  puts  color  measure- 
ment on  a  mathematical  basis.  I  have  often  used  mathematical 
relations  and  spectrophotometric  curves  for  getting  many  data 
results  without  having  to  make  measurements  with  an  instrument. 

Mr.  Priest's  instrument,  being  based  on  mathematical  curves 
and  being  developed  to  this  high  state,  I  think  is  going  to  provide  a 
means  for  a  good  deal  of  valuable  data.  I  hope  that  he  can  extend 
it  so  we  can  get  over  into  the  measurement  of  hue  and  even  over 
into  that  great  field  beyond  black  body  radiation.  But  even  for 
that  alone,  it  seems  to  me  we  have  something  now  that  we  have 
never  had  before — an  instrument  from  which  we  can  build  various 
scales. 

A.  H.  Taylor:  I  would  like  to  ask  a  few  questions  about  this. 
One  is  whether  there  are  any  of  the  individual  parts  of  this  instru- 
ment which  would  require  an  experimental  calibration ;  or,  in 
other  words,  whether  the  curves  which  Mr.  Priest  has  worked  out 
apply  alike  to  all  instruments  made  up  as  nearly  as  possible 
identical  with  this  one;  second,  whether  it  is  possible  with  this 
instrument  to  match  colors  of  sources  which  do  not  have  a  black 
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body  distribution  of  energy — for  example,  the  gas  mantle,  or  in  a 
more  extreme  case,  colored  glass  which  doesn't  have  a  systematic 
or  uniform  spectral  distribution,  or  transmission;  and  third,  as  to 
the  degree  of  accurac}^  which  you  can  obtain  with  the  instrument ; 
that  is,  I  don't  mean  so  much  in  measurements  of  candlepower 
(although  I  would  like  to  know  that)  but  color  temperature;  for 
example,  just  how  accurately  you  can  measure  color  temperature. 

Max  Poser:  I  would  like  to  ask  Mr.  Priest  whether  he  found 
any  method  of  standardizing  the  efifectivity  of  the  nicol  prisms 
when  made  in  quantities. 

Norman  Macbeth:  It  may  be  of  passing  interest  in  this  con- 
nection to  state  that  we  have  developed  an  instrument  for  the 
measurement  of  daylight  in  units  of  color  and  intensity.  This 
instrument  enables  us  to  measure  also  any  color  change  from  the 
ordinary  Mazda  lamp  or  even  from  a  carbon  filament  lamp  through 
the  color  changes  to  the  extreme  of  blue  sky  daylight.  The  color 
temperature  equivalents  may  also  be  noted  to  the  point  where  we 
reach  the  maximum  of  direct  sunlight  at  noon. 

We  have  used  a  certain  blue  glass  that  we  call  daylight  glass. 
Two  wedges  were  made,  these  are  about  15  centimeters  long,  3 
millimeters  thick  on  one  end  and  i  millimeter  at  the  other  end. 
These  wedges  intercept  a  beam  of  light  from  a  lamp  house  on  a 
photometer  track.  Varying  the  distance  between  the  lamp  and 
Lummer-Brodhun  cube  permits  an  intensity  match.  The  outside 
field  of  the  comparison  prism  may  be  turned  towards  a  white  glass 
tost  plate  or  towards  the  sky  or  even  a  particular  cloud  in  the  sky. 
The  color  match  depends  upon  the  density  of  these  daylight  glass 
wedges  interposed  in  the  liglit  path.  Then  as  tliis  particular  l)hie 
glass  is  a  definite  mixture  of  three  distinct  colors  of  glass;  a  signal 
green,  a  full  amethyst  and  a  very  pale  blue;  three  additional  sets 
of  wedges  of  these  glasses  may  also  b(^  us(m1,  so  if  at  any  time  we 
should  find  a  daylight  color  that  varied  from  that  which  ecnild 
ordinarily  be  matclKMl  with  the  daylight  glass  wedges  we  can  add 
any  or  all  of  thes(»  colors,  any  combination  of  which  can  ho  n^pro- 
duced  in  a  singh*  glass  to  be  used  as  a  filt(M*  with  a  Mazda  lamp  as 
the  source,  for  an  exact  reproduction  of  any  color  of  light  matched 
in  this  daylight  colorimeter. 

We  also  hav(»  anotluM-  daylight  glass,  th(^  composition  of 
which    was   worked    out    hv    Iv(\s    and    Hmdv.      This   is   a   glass 


866  TRANSACTIONS  I.  E.  S.,  NOVEMBER,   1923 

which  Mr.  Priest  tells  us  perfectly  possesses  the  property  of  raising 
the  apparent  color  temperature  of  one  black  body  to  that  of  an- 
other, consequently  with  various  densities  of  this  glass  and  a  Mazda 
filament  source  any  black  body  color  can  be  matched.  The  Gage- 
Corning  glass,  of  which  the  first  mentioned  wedges  were  made,  is 
not  a  ''sunlight"  glass.  That  is  to  say,  it  will  not  result  in  an 
exact  sunlight  or  black  body  radiation  color  match.  It  is  my  under- 
standing that  natural  daylight  from  which  direct  sunlight  is 
absent  is  not  an  exact  visual  match  for  any  black  body  temperature 
color  and  the  Gage  glass  possesses  this  daylight  color  character- 
istic. This  colorimeter  is  not  on  the  market  nor  do  I  believe  it  is 
likely  to  be  as  it  was  brought  out  in  the  usual  course  of  our  day- 
lighting  development  to  maintain  a  check  on  our  own  work. 
This  instrument  of  Mr.  Priest's  probably  permits  a  great  many 
determinations  that  we  cannot  make.  At  the  same  time,  I  believe 
that  we  can  make  many  measurements  of  considerable  value  in  our 
particular  work  that  Mr.  Priest  cannot  make  so  exactly,  but  as  our 
work  is  highly  specialized  I  do  not  believe  that  this  in  any  manner 
detracts  from  Mr.  Priest's  achievement. 

Mr.  I.  G.  Priest:  Beginning  with  Mr.  Macbeth's  question,  1 
should  say  that  probably  the  chief  utility  of  this  instrument  for 
his  purpose  would  be  the  calibration  of  his  wedges  in  terms  of 
color  temperature.  Probably  a  much  cheaper  and  simpler  instru- 
ment can  be  made  for  a  great  deal  of  field  work,  although  personally 
I  should  not  prefer  it.  I  would  prefer  to  take  this  instrument  into 
the  field. 

Coming  to  Mr.  Taylor's  and  Dr.  Poser's  remarks,  I  should  have 
answered  Mr.  Taylor's  first  question  before  it  was  asked.  I  in- 
tended to  make  it  a  part  of  my  presentation,  but  did  not  do  so 
because  of  the  limited  time.  The  instrument  is  completely  repro- 
ducible from  specifications.  It  is  not  dependent  upon  an  emperic 
calibration.  However,  the  computation  from  given  constants  of 
the  instrument — which  any  one  might  be  excused  for  questioning 
— has  been  checked  experimentally  so  that  over  considerable 
ranges  we  have  both  the  computed  calibration  curve,  (i.e.  the 
theoretical  calibration)  and  the  emperic  calibration  curve.  Some 
data  on  the  comparison  of  the  theoretical  and  empiric  calibrations 
were  given  in  a  paper  which  I  presented  at  the  Optical  Society 
nearly  two  years  ago  and  have  been  published  in   Bureau  of 
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Standards  Scientific  Paper,  Number  443.  In  that  paper  it  is 
shown  that  color  temperatures  measured  by  means  of  the  theoreti- 
cal calibration  of  the  instrument  checked  with  color  temperatures 
obtained  by  other  means.  For  example,  values  reported  independ- 
ently by  Dr.  Forsythe  of  the  Nela  Research  Laboratory  were 
checked  with  surprising  accuracy. 

In  regard  to  Mr.  Taylor's  question  about  measurement  of  the 
color  filters  of  course  it  should  be  stated  there  are  several  cases  in 
which  you  can  make  a  color  match  with  this  instrument.  In  the 
first  place,  you  have  identity  or  what  may  for  practical  purposes  be 
called  identity  of  spectral  distribution  between  the  test  lamp  and 
the  distribution  which  you  manufacture  by  means  of  the  instru- 
ment. That,  of  course,  gives  a  perfect  color  match.  Then  you  have 
the  case  where  you  make  a  color  match  with  the  test  lamp,  the 
test  lamp  having  a  different  spectral  distribution  than  that  pro- 
duced to  color  match  it.  A  good  example,  perhaps  the  best  ex- 
ample of  that  case  is  the  case  of  the  artificial  daylight  units  such 
as  have  been  proposed  by  Ives,  Luckicsh  and  others.  There  we 
can  measure  the  apparent  color  temperature  of  the  artificial  day- 
light unit  with  this  instrument,  but  the  daylight  unit  does  not 
have  the  same  spectral  distribution  because  the  glass  has  little 
kinks  in  its  spectral  transmission  curve.  The  Ives-Brady  glass, 
with  the  sources  which  are  used  with  it,  gives  a  perfect  color 
matching.    The  conditions  of  the  two  cases  are  somewhat  different. 

There  is  a  still  further  case  where  we  get  only  an  approximate 
color  match,  where  it  isn't  possible  with  this  instrument  to  match 
the  source  because  it  has  not  the  spectral  distribution  character- 
istic of  a  black  body.  Such  a  case  is  the  Moore  carbon  dioxide 
lamp.  If  wo  make  observations  on  a  Moore  lamp  (as  wo  have 
done)  our  oxpiTinK^ntal  data  ropr(\s(Mit  the  toinporaturo  at  which 
the  color  of  a  black  body  would  most  closely  approximate  to  the 
Moore  lamj),  and  tlio  color  dilTon^nco  ihvu  oxistont  in  \hv  iiM  is 
not  much  more  than  the  l(>ast  percept ibh^  diff(M-onco.  Hut  th(^ 
Moore  lamp  is  not  a  j)orfort  color  match  to  a  black  body  and  its 
spectral  distribution  of  course  as  many  of  you  know  is  widc^ly  dif- 
ferent, from  a  black  body. 

With  regard  to  photoinctric  accuracy,  I  publishiMl  a  groat 
many    years    ago    sonw^    preliminary    |)hotoinetric    r(\sults    wliich 
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showed  I  think  very  good  agreement,  within  a  per  cent  or  so,  with 
values  obtained  otherwise. 

I  had  some  more  slides  to  present  dealing  with  the  selection  of 
standard  visibility  data.  I  will  sum  that  all  up  without  presenting 
the  slides  by  saying  that  of  course  we  assume  a  standard  visibility 
function  as  a  fundamental  standard  in  this  method.  It  makes 
absolutely  no  difference,  however,  for  the  determination  of  the 
relative  intensities  of  illuminants,  whether  you  choose  the  I.  E.  S. 
curve,  the  curve  which  I  used,  or  the  curve  by  Gibson  and  Tyndall, 
or  any  other  reasonable  average ;  the  results  will  be  the  same  within 
the  ultimate  possible  precision  of  photometric  work. 
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NEW  YORK  Meeting— October  18,  1923 

At  the  first  meeting  of  the  New  York  Section  held  on  October  i8,  a 
paper,  "Lighting  and  Signal  System  of  the  Leviathan",  was  presented  by  Mr. 
W.  M.  Zippier,  Electrical  Engineer,  Gibbs  Brothers,  Inc.,  New  York.  Prior 
to  the  meeting,  the  Dinner  Committee  successfully  arranged  a  table  d'hote 
dinner  at  Shanley's  Restaurant,  117  West  Forty-Second  Street.  After  the 
meeting  the  members  and  guests  visited  the  S.  S,  Leviathan  where  an  inspec- 
tion trip  was  made.  The  time  allotted  for  the  members  and  guests  of  the  I.  E. 
S.  for  visiting  the  Leviathan  was  from  8:00  to  10:00  P.  M.  It  was  estimated 
that  about  400  people  visited  the  Leviathan,  and  there  were  1 50  members  and 
guests  at  the  dinner. 

PHILADELPHIA  Meeting— October  22,  1923 

The  Philadelphia  Section  met  at  the  Engineers'  Club  on  October  22  to 
discuss  a  number  of  papers  presented  as  follows: 

"The  relationship  of  the  Scientist  to  Illuminating  Engineering,"  By  Lau- 
rence A.  Hawkins,  Research  Laboratory  of  General  Electric  Co.;  "The  rela- 
tion of  Illuminating  Engineering  to  the  Central  Station,"  By  C.  J.  Russell, 
Vice-President,  Philadelphia  Electric  Co.;  "Proper  lighting  as  an  aid  in  the 
prevention  of  Accidents,"  By  R.  E,  Simpson,  Engineer,  Travelers  Insurance 
Co.;  "Illuminating  Engineering  as  an  aid  to  the  Architect,"  By  Emile  G. 
Perrot,  Architect  and  Engineer,  Philadelphia;  "Artificial  Light  in  the  Home," 
By  M.  Luckiesh,  Director,  Laboratory  of  Applied  Science,  National  Electric 
Lamp  Works  of  G.  E.  Co.;  "Illumination  in  Industry,"  By  Jos.  G.  Crosby, 
Vice-President  &  General  Manager,  Whalen  Crosby  Electric  Company,  Phila- 
delphia; "The  Effect  of  Modern  Illuminants  on  the  Eye"  By  Dr.  George  S. 
Crampton,  Opthalmologist,  Philadeli)hia. 

Preceding  the  niooting.  monil)ors  and  guests  to  the  iiuinbor  of  twenty-five 
were  served  with  dinner  at  the  Engineer's  Club.  This  bcin'j;  the  opening  meet- 
ing of  the  year,  the  Chairman  opened  the  meeting  with  u  l)ri(>r  iiddress  to  the 
members  and  guests,  stating  the  scope  and  |)urpose  of  the  Society,  the  object 
of  the  Phihidelphia  Section  and  the  aim  of  the  Oflicers  and  Papers  Conunittee 
during  the  coming  Section  Year. 

Mr.  G.  B.  Regar,  ('hairman  of  the  I.  E.  S.  Committee  on  Membership 
spoke  of  the  increase  in  membership  of  the  Society,  calhng  particular  attention 
to  the  results  of  last  year,  lie  urged  that  the  Phila(l(>li)liia  Section  be  particu- 
larly active  in  this  line. 

After  the  presentation  of  tlie  T^apcMs  for  the  evening  an  inter(»st itig  discus- 
Kion  followed,  which  was  |)arti(i|)ate(l  in  by  Mr.  Jos.  I).  Israel,  Dr.  (Jeo.  A. 
Hoadley,  Mr.  Frank  Ix^win,  of  Baltimore,  and  Mr.  M.  E.  Arnold. 
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CHICAGO  Meeting— October  31, 1923 

The  section  met  at  the  Benjamin  Electric  Mfg.  Co.  Chicago  Office  at  12:30 
P.  M.  and  drove  via  automobile  to  the  Copper  Kettle  at  Oak  Park,  Illinois 
where  lunch  was  served  and  then  proceeded  to  the  Benjamin  Electric  Mfg. 
Co.  Factory,  DesPlaines,  lUinois. 

At  3:00  P.  M.  the  members  and  guests  made  an  inspection  trip  through  the 
factory  accompanied  by  guides  who  explained  the  various  processes  in  the 
manufacture  of  porcelain  steel  lighting  equipment. 

At  5  o'clock  the  various  groups  returned  to  the  meeting  place,  Messrs. 
A.  E.  Clark  and  W.  E.  Quivey,  of  the  Benjamin  Electric  Mfg.  Company,  gave 
a  short  talk  on  illumination  as  applied  to  their  products.  Mr.  H.  S.  Thayer  of 
the  Atlas  Electric  Devices  Company  gave  a  short  talk  on  the  Violet  Arc  Fading 
Machine.  Mr.  W.  J.  Guntz  of  the  Paul  E.  Johnson  Co.  gave  a  short  talk 
followed  by  a  discussion  of  the  quartz  tube  mercury  vapor  unit  used  for  light 
therapy. 

NEW  ENGLAND  Meeting— October  26,  1923 

The  subject  for  discussion  at  the  New  England  Section  meeting  on  October 
26  was  a  series  of  solutions  of  a  lighting  problem.  Messrs.  R.  B.  Brown,  James 
A.  Toohey,  L.  S.  Purdy  and  W.  D.  McCabe  presented  solutions  which  were 
discussed  by  Messrs.  R.  B.  Burnham,  Philip  Drinker  and  A.  H.  Hirons. 

The  meeting  was  held  at  the  Engineers'  Club  and  there  was  an  attendance 
of  fifty  members  and  guests.  Resolutions  were  adopted  expressing  regret  of  the 
death  of  Dr.  Charles  P.  Steinmetz,  Past-President,  I.  E.  S. 

MICHIGAN  Meeting— November  2,  1923 

The  Michigan  Chapter  opened  the  Year  of  Cooperation  with  a  joint  meeting 
of  the  Industrial  Engineers  Society  of  Detroit  and  the  Electrical  Extension 
Bureau  of  Detroit.  In  the  Detroit  Edison  Company's  Auditorium,  Mr.  Ward 
Harrison  Illuminating  Engineer,  National  Lamp  Works  of  G.  E.  Co.,  Cleveland, 
Ohio,  gave  a  lecture  and  demonstration  of  "Control  of  Light". 

There  were  353  members  and  guests  present  at  this  lecture.  Architects, 
factory  and  store  executives  safety  engineers,  factory  maintenance  engineers, 
and  representatives  of  all  branches  of  the  electrical  industry  were  present. 
This  attendance  was  attained  through  extensive  advertising,  letters  to  a  se- 
lected mailing  list,  500  printed  posters,  and  splendid  cooperation  from  the 
Detroit  Safety  Council,  Detroit  Retail  Merchants  Association  electrical  jobbers, 
electrical  Extension  Bureau  and  the  Detroit  Society  of  Industrial  Engineers. 

The  Chapter  is  planning  a  series  of  four  or  five  more  joint  meetings  for  the 
Year  of  Cooperation,  some  of  general  interest  and  some  of  special  interest  to 
various  groups  which  will  be  open  to  the  public. 

NORTHERN  NEW  JERSEY  Meeting—October  31,  1923 

A  joint  meeting  with  the  "Ourselves  Club"  was  held  at  Hackensack,  N.  J., 
October  31,  1923.    The  "Ourselves  Club"  is  an  organization  of  electrical  con- 
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tractors  and  dealers  and  other  people  actively  engaged  in  the  electrical  industry'. 
Mr.  Samuel  G.  Hibben  gave  a  very  interesting  talk  on  "Facts  on  Lighting  and 
Use  of  Light". 

Using  some  ingenious  portable  apparatus,  Mr.  Hibben  accompanied  his 
talk  by  giving  very  interesting  demonstrations  of  light  control,  and  showed 
-what  astonishing  changes  can  be  obtained  from  a  single  display  by  using  light 
of  various  colors.  Using  a  "shadow  box"  which  permitted  light  to  be  thrown 
from  different  directions  upon  small  statues  and  plaster  masks,  the  effects  of 
shadows  on  hghted  displays  were  shown.  Both  the  lecture  and  the  demonstra- 
tions were  not  only  interesting  but  of  practical  value  to  those  present,  as  many 
of  the  Hghting  effects  demonstrated  can  with  advantage  be  appHed  in  Hghting 
of  show  windows  or  other  displays,  and  may  be  directly  applied  by  the  electrical 
contractors  in  their  work  along  these  lines. 

An  audience  of  sixty-five  was  present  including  Mr.  Clarence  L.  Law, 
President  of  the  Illuminating  Engineering  Society.  Mr.  Law  spoke  briefly  of 
the  satisfaction  which  he  felt  on  seeing  the  meeting  so  well  attended  and  con- 
gratulated both  the  officials  of  the  "Ourselves  Club"  and  of  the  Northern  New 
Jersey  Chapter  on  the  excellent  work  they  were  doing  in  furthering  better 
lighting  practice  and  the  idea  of  cooperation  between  electrical  contractors  and 
dealers  and  the  illuminating  engineers. 


TORONTO  Meeting— October  15,  1923 

The  first  meeting  of  the  Toronto  Chapter  was  held  at  the  School  of  Science, 
University  of  Toronto  on  October  15,  Messrs.  George  G.  Cousins  and  W.  H. 
Woods  presented  a  resum^  of  the  principal  papers  discussed  at  the  Lake  George 
Convention  of  the  L  E.  S. 

At  this  meeting  committees  were  appointed  to  draw  up  a  tentative  "Code 
of  Industrial  Illumination"  for  consideration  of  the  Provincial  Government  at 
the  request  of  the  Canadian  Electrical  Association,  and  to  consider  "Automo- 
bile Number  Plate  Illumination"  and  report  to  the  Provincial  Government. 


PITTSBURGH  Meeting— October  25,  1923 

The  organization  meeting  of  the  Pittsburgh  Chai)t€r  was  held  on  October 
25,  in  attendance  there  were  forty  mombors  and  guests.  The  following  officers 
were  elected:  Chairman,  Fraiikliti  W.  Looniis;  Secretary-Treasurer,  Sanford 
C.  Ivovett;  Executive  C>)nunittco,  L.  J.  Kicfor,  G.  W.  Ward,  J.  P.  Warner; 
Committee  Chairmen:  Papers,  E.  Y.  Davidson,  Jr.,  Membership,  Douglas 
Wood;  Attendance  and  I'ublicity,  .1.  J.  Husson;  llntortMirunent,  J.  H.  \i\n 
Aemam. 
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COUNCIL  NOTES 


ITEMS  OF  INTEREST 


At  the  meeting  of  the  Council,  November  8,  1923  the  following  were  elected 
to  membership : 

Eleven  Associate  Members 
Byrne,  Thomas  W.,  Electrical  Engineer,  710  Little  Bldg.,  80  Boylston  St., 

Boston. 
DoLBEARE,    Walter   Irving,    Commercial   Lighting   Salesman.   Blackstone 

Valley  Gas  &  Electric  Co.  231  Main  St.,  Pawtucket,  R.  I. 
Flanagan,  E.  C,  Salesman,  Illuminating  Glassware,  The  Phoenix  Glass  Co. 

P.  O.  Box  757,  Pittsburgh,  Pa. 
Hunter,  T.  A.,  Manager,  Lighting  Dept.  Pacific  States  Electric  Co.,  236  S. 

Los  Angeles  St.,  Los  Angeles,  Calif. 
Karapetoff,  Vladimir,  Professor  of  Electrical  Engineering,  Cornell  Univer- 
sity, 607  East  State  St.,  Ithaca,  N.  Y. 
King,  Floyd  E.,  Salesman,  Wheeler  Reflector  Co.,  156  Pearl  St.,  Boston,  Mass. 
Lovett,  Sanford  C,   Edison  Lamp   Manager  General  Electric  Co.,    13 18 

Oliver  Bldg  ,  Pittsburgh,  Pa. 
Piersol,  Robert  James,  Illumination  Research  Engineer,  Westinghouse  Elec. 

&  Mfg.  Company,  East  Pittsburgh,  Pa. 
Shryock,  Edwin  W.,  Illuminating  Specialist,  West  Penn  Power  Co.,  14  Wood 

St.,  Pittsburgh,  Pa. 
Van  Aernam,  J.  H.,  Electrical  Jobber,  Iron  City  Electric  Co.,  436  Seventh 

Avenue,  Pittsburgh,  Pa. 
Wester VELT,  A.  E.,  Manager,  Lighting  Inspection  Bureau,  The  New  York 

Edison  Co.  130  East  15th  St.,  New  York,  N.  Y. 

OTHER  CHANGES  IN  MEMBERSHIP 
One  Transfer  to  Member 

Mayo,  Herbert  J.,  Sales  Engineer,  Benjamin  Electric  Mfg.  Co.,  582  Howard 
St.,  San  Francisco,  Calif. 

One  Member  Reinstated 
Owens,  H.  Thurston,  51  East  42nd  St.,  New  York,  N.  Y. 


The  General  Secretary  reported  the  death,  on  October  27,  1923  of  one 
member,  L.  E.  Voyer;  Illuminating  Engineer,  San  Francisco  Office,  General 
Electric  Co.,  San  Francisco,  Cal.,  and  four  associate  members,  in  the  recent 
Japanese  earthquake,  as  follows:  Tetsuya  Fujii;  Engineer  in  charge  of  Labor- 
atory, Tokyo  Electric  Co.,  Kawasaki-machi,  Kanagawa  Ken,  Tokyo,  Japan. 
Kenjiro  Kato;  Chief  of  Engineering  Section,  Tokyo  Electric  Co.,  Kawasaki- 
machi,  Kanagawa  Ken,  Japan.  K.  Khikata;  Tokyo  Electric  Co.,  Kawaski, 
Kanagawa-Ken,  Japan.  Ilannosuke  Murota;  Electrical  Engineer,  Tokyo 
Electric  Co.,  Kawasaki-Kanagawa,  Ken,  Japan. 
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Upon  the  recommendation  of  the  Council  Executive  Committee,  Mr. 
Norman  D.  Macdonald,  was  appointed  General  Secretary  to  fill  the  unexpired 
term  of  Mr.  Samuel  G.  Hibben.  The  resignation  of  Mr.  Hibben  as  General 
Secretary  was  presented  to  the  Council  on  October  11,  1923  to  take  effect 
November  8,  1923. 


CONFIRMATION  OF  APPOINTMENTS 

As  members  of  the  Committee  on  Motor  Vehicle  Lighting — F.  C.  Caldwell,  E.  C. 

Crittenden,  A.  W.  Devine,  C.  E.  Godley,  C.  A.  B.  Halvorson,  Jr.,  John  A. 

Hoeveler,  W.  A.  McKay,  A.  L.  McMurtry,  H.  H.  Magdsick,  L.  C.  Porter. 
As  members  of  Committee  on  Sky  Brightness — H.  H.  Kimball,  Chairman,  E.  C. 

Crittenden,  E.  H.  Hobbie,  James  E.  Ives,  Bassett  Jones,  W.  F.  Little,  M. 

Luckiesh,  L.  B.  Marks,  I.  G.  Priest. 
As  members  of  Committee  on  Membership — C,  E.  Addie  and  F.  H.  Murphy. 
As  members  of  Committee  on  Sustaining  Members — W.  T.  Blackwell  and  E.  J. 

Teberg. 
As  Official  Representative  on  the  U.  S.  National  Committee  of  the  International 

Commission  on  Illumination — G.  H.  Stickeny. 
As  Local  Representative  at  Salt  Lake  City — L.  B.  Gawan. 


At  the  meeting  of  the  Executive  Committee  of  the  Council  held  on  October 
25,  1923,  the  petition  for  a  charter  presented  by  the  Pittsburgh  Chapter  was 
granted. 

NEWS  ITEMS 

Professor  Vladimir  Karapetoff  of  the  School  of  Electrical  Engineering,  Cor- 
nell I'nivcrsity,  has  been  awarded  a  prize  of  four  thousand  francs  by  the 
Montcfiore  Foundation  of  the  University  of  Liege,  Belgium.  The  award  was 
made  for  hi.s  kinematic  computing  devices  of  electrical  machinery,  described 
in  the  torhiiical  press  during  the  last  thr<»e  years.  A  eonunittee  of  five  Belgian 
and  five  foreign  members,  whicii  makt^s  these  awards,  has  eharaeterizeti  this 
work  as  an  exi)ression  of  a  "new  idea  which  may  lead  to  important  develojv 
ments  in  tlu;  domain  of  electricity". 


Mr.  L.  E.  Voyer,  assi.stant  local  sales  manager  of  the  Edison  Lamp  Works 
of  the  (Jcneral  Electric  Company  at  Sati  Francisco,  died  October  27.  \()2t,  of 
double  pneumonia  after  a  five  days'  illness.  He  was  well  known  as  an  illumin.at- 
mg  engineer,  especially  throughout  the  I'aeilic  Cojust  .section,  where  he  will  be 
rcanembcred  for  his  notable  work  in  connection  with  the  headlight  laws  of  (he 
stat<*  motor  v<'hicl(^  act  in  Culiforrua,  his  a.ssistance  in  (he  Panama-Pacific 
InduNtri.'il  Fxpositicm  arid  his  work  in  advancing  ligh(ing  practice  in  the  state 
of  California.  lie  took  an  active  and  guiding  part  in  (he  establishment  of 
various  lighting  regulations  there,  inchiding  (he  ( 'ode  of  Ligiiting  for  industrial 
plan(s.  ( )ne  of  his  f*irs(  Mc(ivi(ies  was  in  <'oiuiec(ion  wi(h  (he  headliglUs  used  on 
railway  l(tcomo(  ives,  when  he  secured  a  more  K)gical  mtcrpretation  of  (hose 
luwH  bo(h  in  Califorrua  and  Nevada. 
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Mr.  Voyer  was  born  September  10,  1887,  at  Junction  City,  Wisconsin. 
He  entered  the  employ  of  the  General  Electric  Company  at  Harrison,  N.  J,,  in 
191 1  as  a  student  engineer.  In  19 12  he  was  transferred  to  the  illuminating 
engineering  department  at  Harrison  and  in  19 13  he  was  transferred  to  the  San 
Francisco  office  as  a  special  illuminating  expert.  He  was  an  alumnus  of  the 
University  of  Wisconsin,  class  of  191 1.  He  has  been  constantly  in  communica- 
tion with  illuminating  engineering  work  in  the  east,  being  active  in  the  work  of 
the  Illuminating  Engineering  Society.  As  western  representative  of  this 
organization  on  the  Committee  on  Motor  Vehicle  Lighting  he  assisted  in  the 
co-ordination  of  regulations  adopted  in  various  states.  He  estabhshed  the 
Bay  Cities  chapter  of  the  Illuminating  Engineering  Society,  being  its  first 
chairman. 


The  Japanese  earthquake  exacted  a  toll  of  lives  among  Illuminating  Engi- 
neers. A  report  just  received  from  Mr.  M.  Uchisaka,  Tokj^o  Electric  Company, 
Limited,  gives  the  following  members  of  the  society  as  among  those  who  lost 
their  lives  in  that  catastrophe — Tetsuya  Fujii,  Kenjiro  Kato,  Hamnosuke 
Murota,  and  Kimo  Shikata.  In  addition,  Mr.  T.  H.  Amrine,  who  was  a 
member  of  the  Society  when  connected  with  the  Edison  Lamp  Works  of 
General  Electric  Company,  at  Harrison,  N.  J.,  was  lost  with  his  family. 

Although  several  of  the  buildings  of  the  Tokyo  Electric  Company's  lamp 
factory  at  Kawasaki  were  razed  by  the  earthquake,  the  Japanese  have,  with 
their  customary  energy,  been  rapidly  reconstructing  and  are  already  manu- 
facturing in  quantity  to  meet  the  demand. 


The  negative  of  the  group  picture  taken  at  the  Lake  George  Convention 
last  September  has  been  sent  to  the  General  Office.  Orders  for  the  group 
photograph  may  be  sent  to  the  General  Office  up  to  December  31,  1923,  the 
cost  of  the  photograph  will  be  $1.50  deUvered. 
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to  the  names  of  the  reference  publications.  The  references  are  then  given  in  order  of 
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TRANnSACTION^ 

OF  THE 
ILLUMINATING  ENGINEERING  SOCIETY 

Vol.  XVIII  December,  1923  No.  10 

Who  Needs  the  Society? 

WITH  every  new  member  there  comes  to  the  Society  an  in- 
creased revenue  which,  transformed  into  such  items  as 
educational  work,  publications  and  accfuaintanceship  represents  a 
higher  dividend  to  all  of  the  member-stockholders  in  the  organiza- 
tion. Yes,  the  Society  needs  members,  and  its  members  are  each 
one  benefited  by  the  addition  of  more  members, — in  truth,  the 
Society  consequently  needs  within  its  membership  everyone  in- 
terested in  upbuilding  civilization  with  light. 

The  Society  welcomes  all  such,  needs  all  such,  but  who  needs 
the  Society?  The  Illuminating  Engineer?  Yes,  although  he 
should  eventually  constitute  but  a  small  minority  in  members. 
The  Architect?  Yes,  but  he  is  only  one  of  many  who  may  use 
light  as  a  master  Sculptor  or  as  a  means  of  making  their  structures 
more  livable.  The  Phj'sician?  Yes,  but  here  again  is  a  class 
mighty  in  power  though  small  in  numbers,  who  spread  the  gospel 
of  better  living,  through  optical  hygiene.  The  Electrical  Contract- 
or? Surely,  for  he  holds  the  key  to  many  a  storehouse  of  illu- 
mination treasurers.  Those  and  other  special  groups  of  professional 
men  or  artisans  all  need  the  Society,  as  an  aid  to  business,  but  isn't 
the  usefulness  of  the  Society  broader  than  that? 

After  all,  does  not  everyone  who  wishes  to  better  enjoy  the 
business  of  living,  need  knowledge  of  the  business  of  lighting,  and 
does  th(>re  not  come  to  even  the  most  ordinary  one  among  us  a 
sense  of  higlier  pleasure*  and  a  better  appreciation  of  the  beauties  of 
things  we  see  when  we,  through  Heading  or  by  word  of  nioutli, 
know  .something  of  the  subject? 

"I  always  have  supper  for  him  when  he  gets  home,  and  lights, 
lights,  plenty  of  lights— he  always  likes  lights."  So  Lady  Hi^aeons- 
ficld  explained  in  her  acute  way  how  it   was  tliat    Disraeli,  Lord 
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Beaconsfield,  was  welcomed  at  home  when  he  stepped  out  of  the 
character  of  the  Prime  Minister  of  England  into  the  character  of 
the  relaxed  common  man.  Plenty  of  light,  if  such  fitted  the  mood, 
represented  ethereal  medicine  to  that  haunted  and  weary  mind. 
But  a  Prime  Minister  cannot  command  a  greater  comfort  than  the 
poorest  servant,  for  light  is  no  slave  of  royalty  or  caste,  and  any- 
one who  chooses  may  through  it  add  to  his  pleasures  if  he  will.  He 
who  wants  the  comfort  that  pleasureable  lighting  may  bring  to  his 
leisure  hours,  needs  and  society? 

Who  needs  the  Society?  Every  man  who  reads  may  find  in 
the  Society's  literature  a  wealth  of  knowledge  and  a  pleasure  in 
the  reading  thereof  that,  might  it  not  increase  his  earning  power, 
certainly  increases  his  enjoyment.  How  slowly  the  world  has  dis- 
covered, is  yet  discovering  the  stubborn  secrets  of  artificiallight, — 
how  much  that  protracted  discovery  has  contributed,  will  yet 
contribute  to  the  ease  and  luxury  of  life!  And  yet  the  reading  of 
the  story  of  lighting  progress  is  the  perusal  of  a  vital  chapter  in 
civilization  history.  And  it  is  a  romance.  He  who  reads,  then, 
needs  the  Society's  contributions  to  his  store-house  of  pleasant 
learning.  From  the  first  to  the  last,  no  person  of  consequence 
dares  cease  to  read  authentic  sources  of  knowledge.  ''That's  good, 
go  on,  read  some  more"  were  President  Harding's  last  words. 

He  needs  the  Society  who  needs  friends.  He  who  lives  alone, 
who  needs  not  the  pleasant  companionship  of  educated  minds,  who 
is  a  person  whom  what  he  is  becomes  a  habit  and  whose  brain 
atrophies  in  isolation,  does  not  need  the  Society,  nor  any  Society! 

All  of  these  things, — the  appreciation  of  living,  the  enjoyment 
of  reading,  the  growth  from  contact  with  friends,  all  come  in  fuller 
measure  to  him  who  finds  he  needs  the  Society  and  then  fulfills  the 
need.  Mental  ignorance  is  darkness  of  a  kind,  and  with  the  wealth 
of  the  Society's  offerings  at  hand,  none  may  now  be  afraid  of  such 
darkness.  Only  those  who  never  discover  that  they  need  the 
Society  may  feel  during  their  life  as  did  O.  Henry  at  the  end  of 
his,  when  he  said,  "Turn  the  light  a  little  higher.  I'm  afraid  to 
go  home  in  the  dark." 

Samuel  G.  Hibben 


REFLECTIONS 

Good  Lighting  Vital  to  Industrial  Safety 

"almost  every  measure  put  forth  to  safeguard  industrial 
-^  ^  employes  against  accidental  injury  requires,  as  a  primary  and 
fundamental  condition,  proper  lighting,"  states  A.  C.  Carruthers  in 
Safety  Engineering,  the  official  publication  of  the  American  Society 
of  Safety  Engineers. 

"It  presupposes  that  at  all  times  the  operators  will  be  able  to 
see  clearl}^  and  distinctly  in  performing  their  duties  and  moving 
about  the  plant,  but  in  a  great  many  cases  the  proper  lighting  has 
not  been  furnished  and  the  beneficial  results  which  could  and 
should  be  secured  through  the  installation  of  safety  devices  and 
other  protective  equipment  and  apparatus,  safety  rules  and  safety 
instructions  imparted  to  the  employes,  have  not  yielded  the  ex- 
pected results.  Proper  lighting  is  a  very  important  safety  measure 
and  it  removes  a  very  definite  and  now  well-  recognized  hazard  of 
industry. 

"It  is  safe  to  say  that  a  large  number  of  accidents  both  fatal 
and  non-fatal  have  occurred  because  of  bad  hghting  conditions, 
but  industry  has  paid  the  price,  both  employer  and  employes 
having  suffered  severely  through  this  insidious  hazard.  Few,  if  any, 
industrial  hazards  can  be  removed  so  completely  from  the  midst 
of  a  busy  industrial  plant  as  the  bad  lighting  hazard. 

"It  is  due  largely  to  the  efforts  of  the  Illuminating  Engineering 
Society  that  seven  states  have  thus  far  adopted  State  Lighting 
Laws,  based  upon  standards  formulated  by  the  Society  to  protect 
workers  in  industrial  plants  from  accidents  due  to  bad  lighting  and 
from  unnecessary  eyestrain.  The  states  that  have  passed  laws 
making  obligatory  definite*  industrial  lighting  standards  are  New 
York,  New  Jersey,  Pennsylvania,  Wisconsin,  Oregon,  Ohio  and 
California." 

Modern  Street  Lights  a  Development  of  Last  Decade 

"A  (IHOWlNd  appreciation  of  (he  value  of  strei't  lighting,  new 
^  *-  traffic  i)rol)leins,  and  th(»  iniprovenK^its  in  electric  lamps, 
have  produced  such  rapid  development  in  th(>  art  of  street  illumin- 
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ation  that  the  best  practices  of  ten  years  ago  have  ah'eady  become 
obsolete,"  says  the  American  City  Magazine. 

^'Ten  or  a  dozen  years  ago  illuminating  engineers  were  seriously 
and  emphatically  debating  whether  street  lighting  intensities  on 
residence  streets  should  be  equal  to  that  of  a  half -moon  or  quarter- 
moon,  or  about  those  relative  values.  While  there  was  some  inkling 
of  the  possibility  of  developing  a  scientific  illumination  of  the 
average  street  at  relatively  high  intensities,  and  while  there  had 
been  several  examples  of  'white  ways' — largely  for  advertising 
purposes,  however — rash  indeed,  would  have  been  the  man  who 
dared  to  predict  street  lighting  practices  of  the  kinds  that  are  al- 
ready obsolescent. 

''Street  lighting  has  assumed  a  different  character  recently. 
In  early  days  the  principal  object  was  to  provide  enough  light  to 
enable  pedestrians  to  walk  without  colliding  with  obstructions  or 
with  other  persons,  and  to  find  their  homes,  and  to  permit  horse- 
drawn  vehicles  safely  to  navigate  the  more  or  less  quiet  thorough- 
fares and  side  streets. 

"Today  the  problem  of  handling  with  safety  the  ever-increasing 
automobile  traffic,  the  value  of  high  illumination  as  a  police  safety 
precaution,  the  importance  of  well-lighted  streets  in  forming  public 
opinion  on  the  desirability  of  certain  districts,  all  serve  to  focus 
the  attention  of  others  than  illuminating  engineers  and  central 
station  men  on  the  problem  of  adequate  street  illumination." 


ABSTRACT>S 

In  this  section  of  the  Transactions  there  will  be  used  (i)  abstracts  of 
papers  of  general  interest  pertaining  to  the  field  of  illumination  appearing  in 
technical  journals,  (2)  abstracts  of  papers  presented  before  the  Illuminating 
Engineering  Society,  and  (3)  notes  on  research  problems  now  in  progress. 

EXCERPT  FROM  REPORT  OF  EDUCATIONAL  COMMIT- 
TEE OF  AMERICAN  PHYSICAL  SOCIETY  ON  'THYSICS 
IN  RELATION  TO  MEDICINE,"  1923 


Light.  The  effect  of  light  in  modifying  the  course  of  chemical 
reactions  is  almost  too  well  known  to  need  comment.  The  relation 
between  the  growth  of  green  plants  and  sunlight  has  long  been 
known.  A  more  recent  development  is  knowledge  of  a  direct 
relation  between  exposure  to  light  of  certain  wavelength  and  the 
prevention  of  rickets,  a  disease  of  childhood.  One  of  our  most 
important  sense  organs  is  the  eye.  A  knowledge  of  geometrical 
optics  and  of  various  optical  instruments  is  absolutel}^  indis- 
pensable to  the  ophthalmologist.  Optical  instioiments  of  many 
kinds  are  in  use  by  biologists.  Photography  plays  a  part  of  in- 
creasing importance  in  scientific  investigation.  The  spectroscope 
has  long  been  used  in  chemical  investigations.  The  microscope  is 
preeminently  the  biologist's  own  instrument.  The  spectrophoto- 
meter promises  to  become  a  powerful  instrument  of  research  in 
biological  chemistry. 

The  problems  of  physiological  optics  have  been  but  little  culti- 
vated by  physiologists  since  the  time  of  Helmholtz,  and  many  of 
these  should  be  made  subjects  of  research,  notably  color  vision, 
vision  itself,  the  part  played  by  the  ocular  })igment  and  the  visual 
puri)le,  oic.  In  recent  years  physicists  concerned  with  optics  hav(* 
Ix^en  forced  to  make  studies  of  some  of  th(^s(»  physiological  pro- 
l)lemH  bearing  on  tli<'  use  of  the  vyv  in  physical  measurements,  for 
example,  studies  of  visual  luminosity  curves  in  connection  with 
photometry  of  hglit  of  ditTerent  wave-l(Migtlis.  The  jihysiologist 
who  undertakes  such  problems  as  those  mentioncMJ  above  must  of 
necessity  l)e  well  informed  on  these  investigations  and  on  physical 
opt  ics  in  general.  There  is  great,  need  of  a  course  in  o|)ht  halmology 
of  a  comprehensive  cliaracter  ns  shall  really  lit   the  graduate  for 

883 


884  TRANSACTIONS  I.  E.  S.,  DECEMBER,  1923 

all  the  various  exigencies  of  practice.  It  should  naturally  include 
the  pathological  and  surgical  aspects  of  the  subject,  and  also 
thorough  and  adequate  instruction  in  geometrical  optics  and 
physiological  optics.  There  are  few  men  at  the  present  time 
competent  to  give  really  adequate  instruction  in  the  last,  and,  so 
far  as  the  Committee  are  aware,  no  medical  school  offers  to  a 
graduate  in  medicine  a  comprehensive  course  comparable  with 
that  outlined  above. 

DEVELOPMENT  OF  THE  ELECTRIC   INCANDESCENT 

LAMP 


BY  B.  P.  DUDDING  AND  J.  C.  SMITHELLS 


The  first  of  a  series  of  articles  dealing  with  the  development  of 
incandescent  lamps.  The  first  article  outlines  the  history  of  this 
type  of  lamp  from  the  early  platinum  filaments  of  Grove  and  other 
experimenters  to  the  modern  gas-filled  tungsten-filament  lamp. 
Early  metal  filaments  proved  unsuitable,  and  the  carbon  filament 
took  their  place  about  1880.  The  metallized  carbon-filament 
lamps  of  1907  had  an  efficiency  of  3.5  watts  to  4  watts  per  spherical 
candle.  Experiments  upon  increased  selective  radiation  led  to  the 
manufacture  of  carbon-silicon  lamps  and  the  Nernst  lamp,  the 
latter  employing  rare-earth  filaments,  with  a  degree  of  success 
which  was  overshadowed  by  the  introduction  of  metallic-filament 
lamps.  The  latest  development  of  gas-filled  lamps  has  improved 
the  efficiency  of  electric  incandescent  lamps  from  9  watts  per 
candle  of  the  ordinary  carbon  lamp  to  about  0.7  watt  per  mean 
spherical  candle. — Beama,  October,  1923. 

PROJECTION  OF  LIGHT 


BY  W.  J.  JONES  AND  E.  A.  MARX,  JR. 


Experiences  with  the  use  of  gas-filled  electric  lamps  in  optical 
lanterns  are  summarized.  It  is  shown  that  under  the  best  con- 
ditions the  percentage  of  the  original  light  reaching  the  screen  does 
not  exceed  5  to  10,  although  it  is  evident  that  there  is  much 
difference  between  various  forms  of  lanterns  in  this  respect.  In 
the  motion-picture  projector  the  proportion  of  light  reaching  the 
screen  is  even  less. — Illuminating  Engineer  (England),  Vol.  XVI, 
No.  3. 


PAPER3 


ELEVEN  SOLUTIONS  OF  A  STREET  LIGHTING 

PROBLEM* 


SYNOPSIS:  Approximately  three  months  ago  the  following  letter  and  questionnaire, 
together  with  a  blue  print  of  the  plan  shown  in  Fig\ire  i,  and  photograph,  Figure  2,  were  sent 
to  a  selected  list  of  representative  street  lighting  specialists  throughout  the  country.  Eleven 
solutions  of  the  problem  were  received  which  are  incorporated  in  this  symposium  and  should 
serve  as  a  basis  for  discussion.  These  answers  were  coordinated  by  the  Papers  Committee  in 
order  that  a  uniform  presentation  might  be  made.  The  essential  data,  however,  is  given 
exactly  as  submitted. 

At  this  year's  convention  the  Papers  Committee  is  planning 
somewhat  of  an  innovation  in  the  type  of  a  symposium  for  the 
subject  of  Street  Lighting.  To  facihtate  discussion  a  thoroughfare 
lighting  problem  has  been  prepared  and  is  being  mailed  to  a 
selected  list  of  engineers  interested  in  this  subject. 

A  typical  thoroughfare  in  a  city  of  100,000  population  has  been 
chosen  and  those  items  necessary  for  the  design  of  the  system  are 
given  on  the  blueprint  of  the  sketch  of  this  street  which  is  a  part 
of  this  questionnaire.  A  photograph  of  the  street  is  also  attached 
and  a  table  which  is  to  be  filled  in  giving  your  solution  of  this 
problem.  The  actual  layout  of  units  should  be  shown  to  scale  on 
the  blueprint.  The  discussion  of  the  solution  must  be  restricted 
to  one  page,  double  spaced  typewritten,  in  addition  to  the  spaces 
given  in  the  table.  This  discussion,  together  with  the  photographs 
or  sketches  requested,  should  be  bound  in  the  folder  and  all  be  of 
uniform  size. 

It  is  the  plan  to  treat  other  divisions  of  the  street  lighting  art 
in  the  same  manner,  possibly  also  commercial  and  industrial  liglit- 
ing,  at  future  conventions. 

Note:  Send  completed  design  data  to  J.  L.  Stair,  Chairman, 
Papers  Committee,  National  X-Ilay  Reflector  Company,  Chi- 
cago, Illinois.  Please  do  not  delay — all  designs  should  be  in  by 
August  1  to  give  time  for  tabulation  and  arrangement  of  reports, 
by  the  Papers  Committee,  for  printing. 

•A  Pa|M<r  prf>M>iitrd  l>rf«)ro  thi-  Annual  Convention  of  tin-  Illiiiuiimting  Engine<>ring 
Society,  I>ake  (icorgr,  N.  Y.,  HrpliMiibrr  a.j-jH,  iqjJ- 

The  Illiiriiinntiiig  Ktiginccring  Sorirty  in  not  rraponaiblt'  for  thr  »ti»t<Mini>tii  or  opinions 
a<lvanr«d  by  cuotnbutors. 
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SOLUTIONS  OF  A  STREET  LIGHTING  PROBLEM  887 

SOLUTION   TO 
A  STREET  LIGHTING  PROBLEM 

(Fill  in  under  proper  headings  the  details  of 
your  suggested  lighting  system) 

I.  Please  state  what  in  your  opinion  a  city  should  be  prepared  to 
expend  per  running  mile  for  the  proper  lighting  of  a  street  of 
the  class  described  on  the  blueprint  in  a  city  of  100,000  popu- 
lation...  

What  average  and  minimum  horizontal  foot-candles  values  of 
illumination  in  service  should  be  supplied  on  the  street; 
average ,  minimum 

II.      Design  j^our  system  in  accordance  with  such  an  expenditure 
and  illumination  level. 

1.  Show  layout  to  scale  on  attached  blueprint. 

2.  Type  of  Lamp  (cross  out  two) 

Incandescent  filament  Electric  Arc  Gas 

3.  Size  of  Lamp  (fill  in  one) 

Series  Incandescent:  Amperes 

Lumen  Output  (10  times  nominal  horizontal  c.p.) 

Multiple  Incandescent:  Watts Volts 

Lumen  Output 

Arc:  Type Amperes 

Typo  of  Electrodes 

Gas:  Type C.P Cubic  Feet  per  Hour 

4.  Type  of  circuit  (Cross  out  one) 

Underground  Overhead 

5.  Arrangement  of  Lamps  (Cross  out  two) 
One  side  of  street 

Center  span 

Both  sides  of  street  (cross  out  one) 

(a)  Opposite  (b)   St  nggen^d 

6.  (live  average  distance  between  l;iiu])s  measured  along 
center  line  of  street 
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III.    Give  description  of  fixture  and  post 

I.   Describe  fixture _ 


(Include  (i)  photo  of  sketch  and  (2)  candlepower  dis- 
tribution curve  sho\sdng  average  c.p.  in  vertical  plane; 
also  per  cent  lumens  0° — 90° and  0° — 180° ) 

2.  Describe  Lamp  Standard 

(Include  photograph  or  sketch) 

3.  Give  height  of  light  source  (center)  above  ground 


4.   Give  type  and  length  of  bracket,  if  used 

IV.  Describe  circuit  adopted 

1 .  Type  of  circuit  (cross  out  two) 

Series         Multiple  Series-multiple 

2 .  If  series  circuit  used  specify  (cross  out  two) 
Insulating  transformers  Auto-transformers 

Film  Cutouts 
3.   If  multiple  circuit  is  used  state  how  lamps  are  to  be 
switched  on  and  off 

4.   If  series-multiple  circuit  is  used,  discuss: 

V.  If  you  wish  to  give  additional  information  or  discuss  any  of 

the  above  more  in  detail  do  so  here : 


<r^ 


Fig.  2 
Photo  of  street  supplied  to  contributors 


I'm   J 
'r.V|M'  (if  luiiiin.'iirc  prnpomul  liy  Mr.  Dhki-ntun 


a  b 

Fig.  4 — Type  of  Luminaire  proposed  by  Mr.  Wood 


p  '  Fig.  5 — Type  of  Luminaire 

proposed  by  Mr.  Oday 


Fig.  6 — Type  of  Luminaire 
proposed  by  Mr.  Blackwell 
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(i)    Contributor.     A.    F.    Dickerson. 

Business  Connection.     Chief  Engineer,  Illuminating  Engineering 
Laboratory,  General  Electric  Company,  Schenectady,  N.  Y. 

I.  Desirable  Expenditure  per  Mile — $4000  to  $5000. 
Illumination  Values — 50  to  75  lumens  per  linear  foot  of 
street  (based  on  lumens  of  light  source) 

II.  Layout — Alternate  trolley  poles,  two  units  on  all  inter- 
secting corners  and  four  units  at  principal  intersection. 
Type  of  Lamp — Incandescent  filament. 

Size  of  lamp — 15-  or  20-ampere — 4,000  or  6,000  lumens. 
Type  of  circuit — Underground 

Arrangement  of  Lamps — Both  sides  of  street  staggered. 
Spacing — 81  feet. 

III.  Fixture — Lantern  type  with  reflector  or  refractor  in  order 
to  divert  most  of  light  downward.  Upward  light  should  be 
J4  to  3^  (Type  L  Figure  3  preferred). 

Standard — Present  trolley  pole  with  bracket. 
Height — 18  to  20  feet. 

IV.  Series  circuit  with  insulating  transformers. 

V.  Comments — The  solution  of  the  problem  as  submitted 
should  be  largely  regarded  as  theoretical.  Local  conditions,  partic- 
ularly the  character  of  lighting  on  other  streets  and  existing  elec- 
tric service  might  tend  to  change  the  recommendations.  In  gen- 
eral, such  a  street  requires  the  expenditure  of  from  50  to  75  lumens 
per  linear  foot  of  street  from  suitable  luminaires. 

The  effectiveness  of  the  illumination  is  of  more  importance  than 
the  actual  foot-candles  recorded  by  the  photometer.  For  this 
reason  I  purposely  omit  reference  to  foot-candles  in  making  recom- 
mendations. In  surveying  a  city  for  stre(*t  lighting,  \hv  first 
problem  is  to  classify  the  stre(»ts,  then  assign  luin(Mi  (^\p(Muiitures 
and  lamps  which  will  expend  the  available  light  to  best  advantage. 

A  certain  amount  of  upward  light  even  on  residential  streets  is 
of  material  value  in  reducing  glare  by  lessening  the  contrast  be- 
tween i\w.  light  source  and  tiie  background.  This  upward  illumina- 
tion is  also  necessary  to  pres(>rve  the  night  integrity  of  th(^  street. 
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(2)    Contributor.     F.  Mistersky. 

Business   Connection.     Superintendent,   Public   Lighting   Plant, 
Detroit,  Michigan. 

I.  Desirable  Expenditure  per  Mile — $2200.  to  $2400. 
Illumination  Values — Average  0.155 — Minimum  0.082. 

II.  Layout — Alternate  trolley  poles,  two  units  on  all  inter- 
secting corners  and  four  units  at  principal  intersection. 
Type  of  lamp — Incandescent  filament. 

Size  of  lamp — 6.6  ampere — 2500  lumens. 

Type  of  circuit — Overhead. 

Arrangement  of  Lamps — Both  sides  of  street  staggered. 

Spacing — Approximately  87  feet. 

III.  Fixture — Street  hood  with  porcelain  head.    18-inch  bowl 
reflector   and  prismatic   band  refractor   giving   maximum 
candle  power  at  ten  degrees  below  the  horizontal. 
Standard — Present  trolley  pole. 

Height — 18  feet. 

IV.  Series  circuit  with  film  cut  outs. 

V.  Comments.  The  street  to  be  lighted  being  one  of  the  main 
arteries  of  travel,  in  and  out  of  the  city,  and  carrying  a  double 
street  car  track,  requires  a  fairly  high  average  illumination.  The 
houses  on  this  thoroughfare,  with  a  few  exceptions,  are  of  the 
better  grade  of  residences.  High  candle  power  units  are,  therefore, 
objectionable.  With  such  units,  there  is  too  much  light  upon  some 
of  the  front  porches  and  in  front  bedrooms.  On  the  plan,  trolley 
poles  are  shown,  spaced  approximately  87  feet  between  poles.  The 
most  ornate  lamp  pole  or  post  that  could  be  provided  for  a  lighting 
fixture,  if  installed  in  addition  to  the  trolley  poles  would  result  in  a 
cluttered  appearance  of  the  street.  Lighting  fixtures  should  for 
this  reason  be  mounted  upon  the  trolley  poles.  An  ornamental 
bracket  fixture  would  not  be  as  efficient  as  a  pendent  light  with 
reflector,  which  may  be  mounted  at  a  greater  height,  thus  raising 
the  near  units  out  of  the  direct  field  of  vision.  A  fiixture  with  a 
band  refractor  is  recommended.  The  band  will  give  a  better  dis- 
tribution to  the  light  flux;  and  by  leaving  off  the  skirt  a  greater 
brilliancy  is  secured  at  the  lamps,  thus  providing  the  effect  of  a 
better  lighted  street.  Circuit  to  be  operated  by  means  of  a  Time 
Switch,  from  a  Pole  Type  Moving  Coil  Regulator,  connected  to  one 
phase  of  the  three  phase  mains  in  the  alley. 


SOLUTIONS  OF  A  STREET  LIGHTING  PROBLEM  89 1 

(3)    Contributor.     L.  A.  S.  Wood. 

Business  Connection.    Manager  of  Illuminating  Section,  Westing- 
house  Electric  &  Mfg.  Co.,  South  Bend,  Indiana. 

I.  Desirable  Expenditure  Per  Mile  (Initial)  $25,000. 
Operating  Cost  Per  Mile — $5961.71. 
Illumination  Values — Average  0.35 — Minimum  0.25. 

II.  Layout — Each  trolley  pole,  with  eight  units  at  principal 
intersection. 

Type  of  lamp — Incandescent  filament. 

Size  of  lamp — 15-ampere,  4,000  lumens. 

Type  of  circuit — Underground. 

Arrangement  of  lamps — Both  sides  of  street,  opposite. 

Spacing — 90  feet. 

III.  Fixture — Ornamental  Cast  Iron  Bracket  supporting 
Eg3'ptian  Junior  Reflectolux  Pendant  with  Opalescent 
Rectilinear  Globe,  Two-Way  Asymmetric  Refractor  and 
parabolic  enameled  reflector  above  and  below  the  lamp.  The 
globe  encloses  this  equipment  and  is  so  assembled  as  to  be 
dust  proof.    (Figure  4). 

Standard — Present  trolley  pole. 

Height — 22  feet. 

Length  of  Bracket — 24  inches. 

IV.  Series  circuit  with  insulating  transformers. 

V.  Comments.  In  arriving  a^  the  solution  of  this  problem, 
several  different  designs  were  worked  out,  including  both  Series 
and  Multiple  Circuits  and  in  both  cases  on  the  assumption  that  the 
addition  of  the  street  lighting  load  would  necessitate  additional 
capacity  in  existing  feeders,  feeder  regulators,  distributing  circuits, 
transformers  and  other  items  affected  under  tlu^  diffcM'ent  systems 
considered.  Tliis  procedure  seems  logical  since  the  problem  deals 
with  a  residential  street  where  the  street  lighting  load  would  over- 
lap the  peak  of  the  existing  residential  load. 

The  series  system  recommended  herein  is  divided  into  four 
groups  each  controlled  by  a  10  KVA  Pole  Type  Rc^gulator  and  oil 
break  automatic  time  switch  coruHTtcnl  by  nutans  of  2500-volt,  lead 
encased,  steel  taped,  parkway  eabh^  to  individual  insulating  trans- 
formers placed  in  gum  filled  concrete  compartments  at  the  base  of 
each  post. 
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An  isolux  curve  indicates  that  a  very  uniform  distribution  of 
light  is  obtained  by  the  use  of  aysmmetric  refractors  which  build 
up  the  intensities  toward  the  street  and  eliminate  objectionable 
high  intensity,  otherwise  directed  toward  porches  and  residence 
fronts.  The  design  of  the  refractor  is  such  as  to  produce  moder- 
ate intensities  towards  the  sidewalk  and  residences  so  as  to  afford 
ample  illumination  for  protection  against  crime  and  to  enable 
passing  pedestrians  to  recognize  each  other. 
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(4)   Contributor.     A.  B.  Oday. 

Business  Connection.    Lighting  Service  Department,  Edison  Lamp 
Works,  Harrison,  New  Jersey. 

I.  Desirable  Expenditure — See  Comments. 
Illumination  Values — Average  0.25  Minimum  0.05. 

II.  Layout — Alternate  trolley  poles,  two  units  on  intersecting 
corners. 

Type  of  lamp — Incandescent  filament. 

Size  of  lamp — 15-ampere,  4000  lumens. 

Type  of  circuit — Underground. 

Arrangement  of  lamps — Both  sides  of  street  staggered. 

Spacing — 85  feet. 

III.  Fixture — Pendant  with  clear  rippled  glass  globe  and  pris- 
matic dome  refractor  giving  maximum  candle  power  at  ten 
degrees  below  the  horizontal.  62  per  cent  of  the  lumens,  o 
to  90  degrees;  70  per  cent  lumens,  o  to  180  degrees.  (Fig- 
ure 5). 

Standard — Present  trolley  pole  with  ornamental  base  sup- 
plied. 

Height — 18  feet  if  not  obstructed  by  trolley  wire  support. 
Bracket — Ornamental  Bishop's  Crook  with  2  ft.  extension. 

IV.  Series  circuit  with  insulating  transformer  installed  at  base 
of  pole. 

V.  Comments — It  is  felt  that  the  Illuminating  Engineering 
Society  is  primarily  interested  in  the  engineering  considerations  of 
such  a  problem  and  that  cost  figures  being  of  a  commercial  nature 
should  not  be  given  too  nmch  prominence.  Further,  it  is  rather 
difficult  to  determine  from  the  question,  just  what  cost  figures  are 
desired.  It  is  also  felt  that  local  conditions  have  such  a  bearing 
on  construction  and  operation  costs  that  difTerent  estimates  would 
not  be  cornparabl(\  For  the  above  reasons  cost  figures  have  been 
omitted  from  this  (luestioiinaire. 

In  reference  to  the  si);icing,  good  i)rac'ti('e  would  uiuloul)t(Hlly 
call  for  the  use  of  four  lighting  units  locat(Ml  at  the  intersection  of 
this  thoroughfare  and  the  principal  north  and  south  th()r()Ughfar(\ 
It  is  assumed  that  th<"  noith  and  south  thoroughfare  is  lighted  and 
that  two  lamps  for  this  intersection  would  properly  Ix^  chargeable 
to  this  street. 
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(5)    Contributor.     W.  T.  Blackwell. 

Business  Connection.     General  Lighting  Representative,  Public 
Service  Electric  Co.,  Newark,  New  Jersey. 

I.  Desirable  Expenditure  Per  Mile — $2250. 
Illumination  Values — Average  0.13 — Minimum  0.03. 

II.  Layout — Every  fourth  trolley  pole  with  two  units  at 
principal  intersection. 

Type  of  lamp — Incandescent  filament. 

Size  of  lamp — 20-ampere,  6000  lumens. 

Type  of  circuit — Underground. 

Arrangement  of  lamps — Both  sides  of  street  staggered. 

Spacing — 180  feet. 

III.  Fixture — General  Electric  Form  6  Novalux  Pendant  or 
Westinghouse  CI  Luxolite,  giving  66  per  cent  lumens  o  to 
90  degrees  and  82  per  cent  lumens  o  to  180  degrees.  Dif- 
fusing globe. 

Standard — Present  trolley  pole. 

Height — 19  feet  6  inches. 

Bracket — Type  shown  Figure  6,  3  ft.  6  inches  extension. 

IV.  Series  circuit  with  auto-transformers. 

V.  Comments — The  cost  of  lighting  per  mile  has  been  arrived 
at  by  considering  that  thirty  600-candle-power  lamps  will  be  used 
per  mile  in  all  roadways.  If  the  minimum  number  of  lamps  is  750, 
these  lamps  will  be  charged  for  at  the  rate  of  about  $75.00  per 
lamp  per  year  which  will  make  the  cost  of  lighting  $2250.  per  mile.. 

In  those  sections  of  the  streets  where  there  are  many  stores,  it 
would  be  advisable  to  use  looo-candle-power  lamps  in  place  of  the 
600-candle-power.  For  those  sections  of  the  street  similar  to  that 
illustrated  in  photograph,  600-candle-power  lamps  are  to  be  pre- 
ferred. 

The  installation  cost  of  a  system  as  herein  described  will  be 
approximately  $12,700  per  mile,  when  the  existing  trolley  poles  are 
used  and  equipped  with  brackets  as  herein  illustrated.  The  wiring 
is  to  consist  of  armored  park  cable.  This  figure  ($12,700  per  mile) 
does  not  include  any  substation  or  other  generating  equipment. 
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(6)   Contributor.     W.  A.  Porterfield. 

Business  Connection.    Engineer,  Union  Metal  Manufacturing  Co., 
Canton,  Ohio. 

I.  Desirable  Expenditure  Per  Mile— $4,500- 
Illumination  Values— Average    0.5— Minimum    0.3    foot- 
candle. 

II.  Layout— See  Figure  7. 

Type  of  lamp — Incandescent  filament. 

Size  of  lamp — 20-ampere,  10,000  lumens. 

Type  of  circuit— Underground. 

Arrangement  of  lamps— Both  sides  of  street  staggered. 

Spacing — 125  feet. 

III.  Fixture— General  Electric  Co.  Form  25  Large  East 
Cleveland  type  fixture,  Figure  8.  Clear  rippled  glass  globe 
and  refractor  giving  maximum  candlepower  17  degrees  be- 
low horizontal.  Lumens  o  to  90  degrees,  56  per  cent;  o  to 
180  degrees,  62  per  cent. 

Standard— Union  Metal  Manufacturing  Co.  No.  1260,  con- 
sisting of  two  sections  tubular  steel  pole  4"  and  3 "section 
diameter,  with  ornamental  base  17''  diameter  and  33"  high. 
Height — 20  to  22  feet. 

Bracket— J^"  pipe  arm  extending  6'  from  pole  supported  by 
ornamental  scroll. 

IV.  Series  circuit  with  insulating  transformers. 

V.  Comments— The  series  circuit  with  individual  insulating 
transformers  gives: 

1.  "Safety  first"  from  electrical  standpoint. 

2.  "Safety  first"  from  mechanical  standpoint. 

3.  Low  voltage  above  ground— avoids  injury  and  deaths  in 
case  of  accidents  or  when  workman  on  pole. 

Bury  insulating  transformers  in  manhole  or  in  ground  sur- 
rounded by  insuhiting  compound. 
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(7)    Contributor.     T.  W.  Rolph. 

Business  Connection.     Managing  Engineer,  Street  Lighting  Dept., 
Holophane  Glass  Co.,  New  York  City. 

I.  Desirable  Expenditure  Per  Mile — Installation  cost  $10,000. 
if  necessary.    Under  usual  conditions  less  is  required. 
Illumination  Values — Average  0.35 — Minimum  0.15  foot- 
candles. 

II.  Layout — See  Figure  9. 

Type  of  lamp — Incandescent  filament. 

Size  of  lamp — 500-watt,  115-volt,  9,000  lumens. 

Type  of  circuit — Underground. 

Arrangement  of  lamps — Both  sides  of  street  staggered. 

Spacing — 132  feet. 

III.  Fixture — Ornamental  fixture  carrying  iij^'^  two  piece 
bowl  refractor  of  latest  type,  lightly  etched;  maximum 
candlepower  at  20  degrees  below  horizontal.  (Holophane 
No.  4433  Velvet  finish).  Figure  10.  Estimated  lumens  o  to 
90  degrees,  63  per  cent;  o  to  180  degrees,  75  per  cent. 
Standard — Ornamental  standard  of  concrete  iron  or  tubular 
steel.     See  Figure  8a. 

Height — 20  feet. 
Bracket — 6'  ornamental. 

IV.  Multiple  circuit  with  time  switches. 

V.  Comments — The  illumination  recommended — 0.35  foot- 
candles  is  considered  adequate  according  to  the  best  standards  of 
today.  A  higher  illumination  is  desirable  but  is  not  justified  until 
the  general  standard  of  street  illumination  for  the  entire  city  has 
been  brought  up  to  the  best  of  modern  practice. 

The  ilhiinination  recomniondod  is  initial  illumination.  This  is 
subject  to  (lo[)re('inti()n  in  service*  due  to  collection  of  dirt  and  to 
the  shght  depreciation  in  candle-power  which  the  nuilti{)le  Mazda 
lamp  suffers  during  hfe.  An  a(le(|uate  maintenance  system  is 
essential  to  preserve  continuous  good  service. 

A  mounting  hiMght  of  at  least  20  ft.  is  desirable  in  order  to  keep 
the  bhnfhng  efffxt  of  ghirc  from  the  luminaires  as  low  jus  possible. 
This  l)lin(lin^  cfTcct  is  also  kept  down  by  setting  the  lamp  in  the 
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refractor  at  the  position  which  gives  maximum  candle-power  at  70 
degrees  from  the  nadir,  or  20  degrees  below  the  horizontal.  The 
maximum  candle-power  entering  the  eye  from  the  luminaire  will 
be  at  least  20  degrees  from  the  usual  line  of  vision. 

This  photometric  distribution  will  produce  approximately  uni- 
form illumination  at  a  spacing  of  6  times  the  mounting  height. 
The  spacing  adopted  averages  6.6  times  the  mounting  height.  The 
variation  in  illumination  over  the  street  area  is  4  to  i . 

Interference  of  foliage  is  eliminated  by  using  a  bracket  arm  6 
ft.  in  length. 

The  lighting  standard  adopted  will  give  a  certain  degree  of 
ornamental  effect  which  a  street  of  this  character  is  entitled  to.  It 
woiild  be  desirable  to  have  the  trolley  wire  supported  in  part  by  the 
lighting  standards  in  order  to  decrease  the  number  of  poles  on  the 
street.  The  appearance  problem  involved  has  not  been  worked  out 
satisfactorily,  however,  for  20  ft.  mounting  height  with  6  ft. 
bracket  arm. 


Fig.  8 — Type  of  Lutuinaire 
proposed  by  Mr.  Portcrfield 


Fig.  8a — Type  of  I.mninairo 
pr<)po.se(l  by  Mr.  Holpli 


Fio.  10 — Tv|>«-  nf  Hrfriufor  propoH«««l  by   Mr    H..Ipti 


Fig.  i: — Type  of  Luminaire  proposed  by  Mr.  Haas 


Fig.  i6 — Type  of  Luminaire 
proposed  by  Mr.  Manwaring 


Fig.  iR — Type  of  Luminaire 
proposed  by  Mr.  Sweet 
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(8)   Contributor — 0.  F.  Haas. 

Business  Connection.    Engineering  Department,  National  Lamp 
Works,  Cleveland,  Ohio. 

I.  Desirable  Expenditure  Per  Mile — $3000  to  $4000. 
Illumination  Values — Average  from  0.25  to  0.50  in  service. 
Minimum  3  to  5  times  full  moonlight  in  service  o.  10  to  0.15 
foot  candles. 

II.  Layout — See  Figure  11. 

Type  of  lamp — Incandescent  filament. 

Size  of  lamp — 20-ampere  10,000  lumens. 

Type  of  circuit — Underground. 

Arrangement  of  lamps — Both  sides  of  street  staggered. 

Spacing — 153  feet. 

III.  Fixture — General  Electric  Form  25  Novalux  Large  Basket 
Unit  with  Clear  Rippled  Globe  and  Dome  Refractor,  giving 
maximum  candlepower  20°  below  the  horizontal.  Figure  1 2 . 
Without  basket,  lumens  o  to  90  degrees,  65.1  per  cent ;  lumens 
o  to  180  degrees  72  per  cent;  with  basket  lumens,  o  to  90 
degrees,  56.1  per  cent;  o  to  180  degrees,  62  per  cent.  (See 
comments). 

Standard — Tubular  steel  pole  with  cast  iron  base. 

Height — 20  feet. 

Bracket — Tubular  steel  6  ft.  long. 

IV.  Series  circuit  with  insulating  transformers. 

V.  Comments — Streets  of  the  class  described  on  the  blue  print 
carry  a  groat  amount  of  high  speed  traffic  and  a  largo  proportion 
of  the  drivers  are  not  famihar  with  the  street.  The  lighting  re- 
quirements are,  therefore,  very  rigid.  The  layout  submitted  nuist 
be  considered  as  providing  the  minimum  amount  of  light  which  will 
satisfactorily  meet  the  requirements.  In  the  design  of  the  system 
care  was  taken  to  locate  a  unit  at  the  head  of  each  side  street  whioh 
"dead-ends"  into  the  thoroughfare.  Such  a  lamp  location  provides 
an  effective  s[)roa(l  of  light  down  the  side  street  and  creates  an 
especially  bright  area  clearly  marking  the  intersection. 

The  fixture  reconnnendod  employs  a  one-piece  rippled  glass 
globe  supported  by  a  basket  formed  of  coppcM-  bands.    The  top  of 
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the  unit  is  a  single  casting  to  which  the  basket  is  hinged.  A  fired 
porcelain-enameled  reflector  is  bolted  to  the  casting  and  serves  the 
additional  purpose  of  supporting  the  dome  prismatic  refractor.  The 
dimensions  of  the  lantern  are  such  that  the  heat  is  safely  dissipated 
by  radiation.  Consequently,  no  ventilation  whatever  is  provided, 
and  as  the  globe  seat  is  heavily  felted,  all  light-reflecting  surfaces 
are  enclosed  in  a  bug-proof  and  virtually  dust-tight  chamber. 

In  practice  one  of  the  vertical  bands  should  be  placed  to  face 
the  lamp  post.  With  the  position  in  which  the  open  panels  then 
fall,  the  effective  illumination  on  the  street  is  materially  greater 
than  the  output  of  the  fixture  with  basket  would  indicate. 

The  mounting  height  of  20  feet  was  chosen  as  a  height  which 
would  remove  the  light  sources  from  the  ordinary  line  of  vision  of 
motor  vehicle  drivers  and  also  allow  a  wide  spread  of  light. 

The  bracket  post  construction  was  recommended  as  the  bracket 
brings  the  fixture  out  over  the  street  and  thus  increases  the  utiliza- 
tion of  light  on  the  pavement  surface;  tends  to  clear  tree  foliage; 
and  by  virtue  of  the  position  over  the  street  each  unit  illuminates 
the  faces  of  both  curbs. 
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(9)   Contributor.    W.  T.  Dempsey. 

Business    Connection.       Superintendent,     Service 
Maintenance  Division,  New  York  Edison  Co. 

I.  Desirable  expenditure  per  mile  (see  comments) . 

II.  Layout  (see  figure  13). 

Type  of  lamp — Incandescent  Filament. 

Size  of  Lamp — One  200-watt  on  curb  side 
and  three   loo-watt  on  other  sockets,   iio- 
volt  multiple.     (6,900  Total  Lumens) 
Type  of  Circuit — Underground. 

Arrangement  of  Lamps — both  sides  of  street 
staggered. 

Spacing — 300  ft.  maximum,  200  ft.  minimum. 

III.  Fixture — Four  pendent  spherical  dififusing 
globes  with  15  per  cent  absorption. 

Standard — present  trolley  pole. 

Height  12  ft. 

Bracket — ornamental  (see  figure  14). 

IV.  Multiple  circuit  with  automatic  time  clock. 


V.  Comments — In  submitting  the  following  system  of  street 
lighting  in  the  proposition  submitted,  it  is  noted  that  a  trolley  rail- 
road occupies  the  center  of  the  roadway  with,  of  course,  necessary 
trolley  poles  for  the  wire  support.  On  the  basis  that  this  railroad 
will  remain  on  the  street,  the  installation  suggested  in  this  instance 
is  a  four  light  fixture  on  trolley  poles,  a  drawing  of  which  is  sub- 
mitted herewith.  This  suggestion  is  made  to  avoid  any  further 
congestion  of  the  thoroughfare  by  the  installation  of  additional 
posts  along  the  curb.  It  will  be  noted  in  figure  14  that  trolley  poles 
have  been  utilized  wherever  possible  where  the  spacing  between 
lamps  did  not  exceed  200  feet,  however,  in  several  instances,  the 
lamp  location  is  other  than  a  trolley  pole.  In  such  cases,  however, 
the  trolley  pole  might  be  shifted  slightly  to  the  post  location  shown. 
Furthermore,  two  lighting  posts  have  been  located  at  intersections 
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considered  dangerous  or  where  there  may  be  heavy  cross  traffic, 
while  at  other  intersections,  only  a  single  lighting  unit  post  has 
been  installed — assuming  that  the  congestion  of  traffic  here  is  not 
directly  across  the  main  thoroughfare. 

The  cost  of  a  street  lighting  installation  is  dependent  entirely 
upon  the  type  of  installation  that  may  be  selected  by  the  City 
Officials.  It  is  also  governed  by  local  conditions,  price  of  labor  and 
material.    In  view  of  this,  the  question  is  left  open. 

It  is  planned  for  all  four  lamps  to  burn  from  sun-down  to  mid- 
night. After  midnight,  however,  the  three  loo  watt  lamps  are 
extinguished,  leaving  the  200  watt  lamp  burning. 
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(10)    Contributor.     A.  H.  Manwaring. 

Business  Connection.    Engineer  of  Transmission  and  Distribution, 
Philadelphia  Electric  Co. 

I.  Desirable  Expenditure  per  mile — $3618. 

Illumination  Values — 0.23   Average — 0.21   Minimum   foot 
candles. 

II.  Layout — (See  figure  15). 

Type  of  Lamp — Incandescent  Filament. 

Size  of  Lamp — 6.6  ampere  4000  lumens. 

Type  of  circuit — Underground. 

Arrangement  of  Lamps — both  sides  of  street,  staggered. 

Spacing — 100  ft. 

III.  Fixture — Ornamental  upright  light  alabaster  rippled  globe 
and  canop}^  with  dome  refractor  (Figure  1 6)  giving  maximum 
candle-power  10  degrees  below  horizontal. 

Standard — Pressed  steel  shaft  with  ornamental  cast  iron 

base. 

Height — 14  ft.  6  in. 

IV.  Series  circuit  with  film  cutouts. 

V.  Comments — The  system  suggested  has  been  chosen  after 
studying  the  physical  aspect  of  the  street  as  shown  on  photograph. 
Tree  conditions;  width  of  street  and  relative  importance  of  thor- 
oughfare (which  apparently  is  mostly  residential),  have  been  taken 
into  consideration;  also  the  size  of  the  city  and  its  ability  to  pay 
for  good  street  lighting,  as  indicated  by  the  population  of  100,000. 

The  amount  specified  on  question  No.  i  ($3618)  represents 
the  annual  sum  which  the  city  would  pay  to  the  central  station 
company  for  one  mile  of  street  lighting,  viz. — 54-400  c.p.  lamps, 
spaced  approximately  100  feet  apart  at  $67.00  each;  the  company 
owning  and  maintaining  all  equipment.  This  is  the  rate  for  400 
c.p.  lamps  on  the  company  underground  system  in  Philadelphia. 

The  straight  6.6  ampere  system  was  chosen  in  preference  to  15 
or  20  amperes  with  compensators,  as  we  have  found  from  past  ex- 
perience that  there  is  considerable  disturbance  on  adjacent  tele- 
phone lines,  caused  by  inductive  coordination,  which  occurs  when 
there  are  lamp  outages. 
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(11)   Contributor.    Arthur  J.  Sweet. 

Business  Connection.    Consulting  Engineer,  Milwaukee,  Wiscon- 


sin. 


I.  Desirable  Expenditure — For  installation  $12,000  to  $18,- 
000,  per  mile.  For  operating  cost  including  fixed  (invest- 
ment) charges,  $2,700  to  $4,000.  per  mile. 

Illumination  Values — Average  0.2  to  0.3  foot  candles.  Uni- 
formity not  poorer  than  5  to  i. 

(Note.)  Estimated  installation  cost  of  system  recommend- 
ed $16,000.  Estimated  annual  operation  cost  not  including 
investment  charges,  $2,261.  Estimated  annual  operation 
cost  including  investment  charges,  $3,541. 

II.  Layout — See  Figure  17. 

Type  of  lamp — Incandescent  filament. 

Size  of  lamp — 20-ampere — 6,000  and  10,000  lumens.  See 
plan. 

Type  of  circuit — Underground. 

Arrangement  of  lamps — Center  span. 

Spacing — 266  feet. 

III.  Fixture — It  is  proposed  to  employ  an  asymmetric  pris- 
matic refracting  globe.  At  street  intersection  units,  the 
globe  employed  is  one  designed  to  concentrate  the  light  up 
and  down  both  intersecting  streets  (four- way).  For  units 
not  at  street  intersections,  the  globe  employed  is  designed  to 
concentrate  the  light  up  and  down  the  street  (two-way) .  Re- 
fractors produce  maximum  candle-power  10°  below  the 
horizontal. 

The  body  of  the  fixture  is  porcelain.  The  body,  metal  sup- 
porting ring,  and  refracting  globe  are  designed  to  constitute 
a  dust-tight  fixture.  No  reflector  is  used  above  the  refract- 
ing globe.     See  Figure  18. 

The  fixture  is  supported  from  and  fed  through  an  absolute 
cutout,  permitting  the  fixture  to  be  lowered  by  rope  or 
chain  with  its  terminals  dead. 
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The  double  fixture  units  indicated  on  the  accompanying  plan 
consist  of  two  such  fixtures  as  described  above,  respectively 
supported  at  the  ends  of  a  23/^  ft.  asphaltum-treated  wooden 
bar  supported  parallel  to  and  directly  above  the  axis  of  the 
main  street.  This  bar  is  supported  by  three  5/16  in.  extra 
high  strength,  extra  galvanized  steel  cables  of  plow  steel 
from  each  of  the  two  supporting  poles.  One  cable  extends 
from  the  center  of  the  bar  and  attaches  directly  to  its  sus- 
pension pole.  The  other  two  cables  extend  from  either  end 
of  the  bar  to  a  short  cross  arm  attached  to  the  suspension 
pole. 

In  the  event  of  breakage  of  any  one  of  the  cable  supports,  or 
of  one  in  each  direction,  the  remaining  cables  are  amply 
strong  to  support  the  double  fixture  unit. 
Where  the  suspension  crosses  perpendicular  to  the  street 
axis,  the  drop  between  the  suspension  pole  end  and  the 
fixture  end  of  the  cable  is  5  ft.  Where  the  suspension  crosses 
the  street  axis  diagonally,  the  similar  drop  is  9  ft. 

At  street  intersections,  the  double  unit  is  supported  by  four 
cables  from  four  suspension  poles. 

Standard — The  concrete  lamp  standard  (suspension  post) 
is  a  tapered  reinforced  concrete  shaft  with  hollow  duct 
through  the  center  through  which  the  circuit  wiring  is  car- 
ried. Poles  are  provided  under  specifications  to  withstand 
without  injury  a  stress  of  3,000  lbs.  applied  at  right  angles 
to  the  pole  axis  at  a  distance  of  22  ft.  above  the  ground, 
the  pole  being  firmly  set  in  the  earth  to  a  distance  of  6  ft., 
together  with  a  stress,  simultaneously  applied,  of  1,500  lbs. 
perpendicular  to  the  axis  of  the  pole  and  applied  at  a  dis- 
tance of  32  ft.  Also  to  show  a  deflection  not  exceeding  3 
in.  when  half  the  above  stresses  are  simultaneously  applied 
at  each  of  the  two  points  specified. 
Height — 25  feet. 

IV.  The  use  of  a  series  circuit  and  film  cutout,  the  circuit  volt- 
age being  carried  directly  to  the  lamp  terminals,  is  contingent 
upon  the  possibility  of  securing  a  special  type  of  constant 
current  transformer  designed  for  maintaining  the  circuit  cur- 
rent at  20  amperes,  the  apparatus  being  identical  in  other 
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respects  with  existing  well-known  types  of  current  trans- 
formers. In  the  event  that  it  is  impossible  to  secure  this 
slightly  special  apparatus,  the  circuit  would  be  fed  through 
multitap  constant  potential  transformers,  reactance  type 
insulating  transformers  being  used  at  the  individual  light 
units. 

V.  Comments — A  controlling  consideration  in  the  character  of 
the  solution  submitted  herewith  is  the  presence  of  the  street  car 
line.  As  a  general  rule  to  which  there  are  but  few  exceptions,  it  is 
considered  ill-advised  to  install  additional  street  lighting  posts  on 
a  street  where  there  are  already  a  large  number  of  poles  for  support- 
ing the  trolley  of  a  street  car  system.  Such  additional  posts,  even 
if  individually  ornamental,  tend  to  detract  from  rather  than  add 
to  the  attractiveness  of  the  street. 

It  is  proposed  that  the  municipality  provide  and  install  all 
poles  used  as  suspension  poles  for  street  lighting  units.  It  is 
further  proposed  that  the  street  railway  use  said  municipally- 
owned  poles  for  supporting  the  trolley.  No  rental  or  other  com- 
pensation should  be  required  in  view  of  the  fact  that  the  street 
railway  now  has  a  satisfactory,  ''going"  installation  and  that  it 
cannot  make  any  saving  under  the  said  use  for  many  years  to  come. 
The  street  railway  should,  however,  make  without  charge  the  new 
attachments  for  trolley  supports  and  should  without  charge  move 
or  rearrange  its  other  suspension  poles  as  may  be  required  to  suit- 
ably fit  in  with  the  location  of  lighting  unit  suspension  poles. 

The  character  of  the  street  makes  it  economically  as  well  as 
aesthetically  desirable  to  provide  underground  circuit  and  concrete 
suspension  poles.  Permanence,  reliabiHty  of  service,  and  low 
maintenance  cost,  as  well  as  the  avoidance  of  any  detraction  from 
the  appearance  of  the  street,  are  represented  by  the  installation 
recommended. 

It  is  considered  that  the  relatively  bright  street  lighting  recom- 
mended has  a  aestlH>ti(!  value  as  well  as  a  service  value  in  providing 
that  the  street  may  be  used  with  increased  safety  and  convenience. 

A  features  of  the  recommended  installation  is  the  double  unit 
system   which  substantially  insures  continuity  of  service  in  the 
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event  of  any  individual  lamp  burnout.  At  four  of  the  street  inter- 
sections, local  conditions  result  in  the  substitution  of  two  or  four 
separate  single  units  for  the  double  fixture  units. 

It  is  estimated  that  the  operating  cost,  including  thereunder 
that  of  the  units  provided  for  lighting  side  streets  near  their  junc- 
tion with  the  main  street,  will  be  $0.43  per  lineal  foot  of  street,  this 
figure  covering  all  elements  of  energy  and  maintenance  but  not 
covering  fixed  charges  on  the  investment;  and  $0.67  per  lineal  foot 
of  street  per  year  when  fixed  charges  on  the  investment  are  includ- 
ed. The  average  illumination  is  estimated  at  slightly  greater  than 
0.25  fc. 

DISCUSSION 

J.  L.  Stair:  Speaking  for  the  Papers  Committee,  The  idea 
back  of  the  Street  Lighting  Symposium,  briefly,  is  this:  In  pre- 
paring the  program,  it  was  considered  very  desirable  to  have 
something  on  street  lighting  at  this  Convention.  Also,  in  looking 
around  for  possible  authors  of  papers  we  found  that  we  could  prob- 
ably pick  out  twenty  to  thirty  members  of  the  Society  who  could 
present  papers.  This,  of  course,  brought  about  a  difficulty.  An- 
other thing  that  puzzled  the  Committee  was  the  selection  of  proper 
subjects. 

It  was  thought  that  we  might  have  two  or  three  good  papers 
on  street  lighting  but  at  one  of  our  meetings  some  one  made  the 
happy  suggestion,  ''Why  not  assume  a  problem  in  street  lighting 
and  send  the  problem  in  the  form  of  a  questionnaire  to  those  that 
we  had  in  mind  as  possible  authors?"  That  was  done  and  we  got 
a  very  happy  response  to  the  questionnaire.  You  will  find  a 
summary  of  the  answers  in  the  printed  paper. 

If  you  have  had  a  chance  to  read  the  first  paragraph  of  the 
paper,  you  will  have  seen  that  we  assumed  a  thoroughfare  light- 
ing problem  in  a  town  of  100,000  people.  In  discussing  the  prob- 
lem we  will  have  the  various  contributors  to  this  questionnaire  to 
speak  for  themselves,  calling  on  each  contributor  in  succession  to 
discuss  his  solution  to  the  particular  problem  and  enlarge  on  it 
in  any  way  he  chooses.  If  any  of  the  contributors  have  apparatus 
they  wish  to  show,  they  will  be  permitted  to  make  demonstrations. 
After  hearing  from  all  the  contributors  to  the  questionnaire,  we 
will  throw  the  paper  open  for  general  discussion. 
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L.  A.  S.  Wood:  I  will  not  read  the  solution  in  detail,  because 
you  have  it  in  front  of  you,  but,  in  considering  this  problem,  I  did 
the  same  thing  Mr.  Dickerson  has  done — I  took  advantage  of  the 
trolley  poles  to  support  the  lighting  unit. 

This  is  always  desirable  because  it  is  verj^  unwise  to  clutter  up 
the  streets  with  additional  obstructions.  The  street  under  con- 
sideration is  a  residential  street,  and,  in  preparing  the  solutions, 
I  have  used  a  type  of  lighting  unit  which  will  prevent  too  much 
light  from  reaching  the  front  porches  of  the  residences.  There  has 
always  been  considerable  cirticism  in  residential  districts  when  the 
light  falls  on  the  porches,  and,  in  many  cases,  globes  have  been 
blackened  at  the  back  to  prevent  the  light  from  falling  in  the 
direction  of  the  front  porches.    I  will,  however,  read  the  comments. 

.  .  .  Mr.  Wood  then  read  the  comments  contained  in  his 
contribution  to  ''Solutions  of  a  Street  Lighting  Problem" .  — 

There  are  two  points  in  connection  with  this  solution  that  I 
particularly  wish  to  call  to  your  attention.  The  first  is  the  esti- 
mated cost  of  the  installation  of  the  equipment  which  I  have 
recommended.  The  Illuminating  Engineering  Society  is  a  scientific 
body;  but,  in  order  to  reach  the  interests  which  commerciallj'  apply 
the  results  of  our  research  and  development  work,  we  must  look  at 
the  commercial  aspects. 

I  believe  that  one  of  the  factors  which  has  tended  to  retard  the 
universal  adoption  of  improved  street-lighting  systems  through- 
out the  country  is  the  fact  that  we  are  apt  to  overlook  these 
commercial  aspects.  Street  lighting  hitherto  has  not  been  a  i)ro- 
fitaljle  load  to  the  central  stations.  It  has  been  based  on  rates 
which  have  in  turn  been  based  on  concessions  to  obtain  franchises 
and  other  considerations,  and  it  is  time  for  us  to  urge  that  street- 
lighting  rates  be  such  as  to  return  a  fair  interest  on  the  investment. 

I  have  taken  tliis  point,  into  consideration  in  th(»  estimate  of 
cost,  and  I  have  allowc^l  adccjuate  overhead  and  adecjuati^  |)ro(it 
in  the  estimate  that  I  have  given;  })ecause,  unless  street  lighting  is 
profitable  to  the  interests  involved  and  to  the  contractors  wlio  liav(^ 
to  install  it,  we  shall  always  have  rcsistMnce  when  W(^  an'  trying 
to  rcconunund  these  irn|)rov('(I  systems.  In  othcT  words,  we  must 
makf  the  improved  system  profitable  as  well  as  advantag(M)us  U'oiu 
a  scientific  standpoint. 
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The  other  point  I  wish  to  draw  to  your  attention  is  that  in  my 
solution  I  have  adopted  an  old  principle  of  light  distribution,  but 
a  new  one  as  applied  to  ornamental  street  lighting,  viz.,  the  asym- 
metric principle  of  light  distribution.  This  (indicating)  is  the 
asymmetric  refractor  referred  to  in  the  comments.  It  was  designed 
by  our  engineers  in  co-operation  with  the  Holophane  Company, 
and,  as  explained  in  the  comments,  is  designed  to  build  the  light 
longitudinally  up  and  down  the  streets,  slightly  tilted  toward  the 
road,  and  to  take  away  the  excess  light  on  the  roadway  and  on  the 
building  side.  Hitherto  street-lighting  units  have  generally  been 
designed  to  deliver  the  same  amount  of  light  in  all  directions  around 
the  unit;  but  the  distance  the  light  has  to  be  thrown  across  the 
street  or  across  the  pavement  is  not  so  great  as  the  distance  up 
and  down  the  street;  therefore  the  excess  light  across  the  street  is 
wasted. 

In  this  unit  we  have  taken  away  the  excess  light  in  both 
directions  across  the  street  and  built  it  up  into  two  beams  up  and 
down  the  street.  If  you  will  put  the  shades  down,  you  will  be  able 
to  see  at  once  how  those  beams  operate.  You,  gentlemen,  there 
(indicating)  are  sitting  in  the  road,  and  you  will  notice  that  from 
the  roadside  it  is  perfectly  possible  to  look  at  the  refractor  with 
comfort.  These  gentlemen  here  (indicating  towards  the  other  side) 
are  sitting  in  the  gutter  (laughter)  and,  as  a  result,  they  feel  the 
full  flush  of  the  lumens.  Here  are  some  more  sitting  in  the  gutter. 
Those  gentlemen  (indicating)  are  brilliantly  illuminated.  (Laugh- 
ter) This  demonstration  will  bring  home  to  you  just  exactly  what 
the  unit  was  designed  to  accomplish. 

Now,  then,  if  I  turn  the  refractor  around,  you  (indicating)  will 
be  sitting  on  the  pavement  and  Mr.  Harrison,  quite  properly,  will 
be  in  the  limelight,  also  our  friend,  the  Chairman  of  the  Papers 
Committee.  But  you  gentlemen  (indicating)  are  all  sitting  in  the 
dark;  you  are  on  the  front  porches,  with  your  friends.  (Laughter) 

I  don't  think  any  other  demonstration  than  this  is  necessary  to 
bring  home  to  you  why  this  refractor  was  designed.  It  can  be  used 
in  ornamental  post  tops  or  as  in  this  solution  in  pendant  units 
installed  adjacent  to  the  curb-line.     ^ 

I  have  some  distribution  curves  which  will  bring  the  character- 
istics of  the  refractor  home  to  you.  Figure  4  shows  the  pendant 
unit  mounted  on  the  trolley  pole  with  the  asymmetric  refractor 
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mounted  on  the  inside.  Figure  19  shows  the  vertical  distribution 
through  an  angle  22  }^  degrees  from  the  curb  in  the  direction  of  the 
roadway.  You  must  take  this  lying  down,  because  the  slide  was 
made  sideways,  but  the  point  is  very  clearly  shown .  Imagine  the 
curve  turned  up  the  other  way  and  you  have  the  distribution  curve 
along  the  maximum  beam  toward  the  gutter.  It  will  be  noted  that 
the  3  00- watt  lamp  used  in  this  test  giv^es  2200  candlepower  up  and 
down  the  street.  Figure  20  shows  the  distribution  across  the  road- 
way at  an  angle  of  90  degrees  from  the  curb  line.  The  300-watt 
lamp  in  this  direction  gives  800  candlepower  delivered  at  right 
angles  to  the  curb  across  the  road. 

The  third  curve,  Figure  21,  shows  the  illumination  across  the 
pavement.  This  is  only  350  candlepower.  In  other  words,  the 
tests  prove  that  the  asymmetric  refractor  does  exactly  what  you 
see  in  the  example. 

In  figure  22  there  are  some  isolux  curves  which  also  are  in- 
teresting. These  curves  are  made  with  the  units  spaced  90  feet 
apart  and  with  22  feet  mounting  height.  With  this  spacing, 
curiously  enough,  the  maximum  intensity  is  at  a  point  in  the  center 
of  the  road  midway  between  the  four  posts,  and  the  minimum  is  in 
the  center  of  the  roadway  between  two  posts  located  at  opposite 
sides  of  the  street.  It  will  be  noted  that  the  maximum  is  fifty-four 
one  hundredths  of  a  foot  candle  in  the  center  of  the  road  between 
four  posts,  and  the  minimum  twenty-five  one  hundredtlis  at  a 
point  in  the  center  of  th(^  road  between  two  posts  on  opposite  sides 
of  the  street. 

I  also  have  an  isohix  curve  with  150  foot  spacing  and  \hv  same 
mounting  height,  which  is  interesting.  In  figure  23  this  Isolux 
Curve  shows  the  units  with  22  feet  mounting  hiMght  and  150  foot 
spacing,  .'iiid,  under  these  conditions,  with  300  watt  lanijis.  the 
minimum  intensity  is  seventeen  Innuh'eths  of  foot  candle  in  the 
center  of  the  road,  at  a  j)oint  midway  betwet^n  four  posts,  and  the 
maxinunn  is  four  tenths  of  a  foot  candle^  betwecMi  two  ])osts.  Th(^ 
condition  in  this  vnsv  is  tlu»  revei'se  of  that  obtaincul  with  the 
spacing  shown  in  the  previous  curve,  and  \hv  maxinunn  is  h(Mw(MMi 
two  opposite  posts,  wliile  the  niininnnn  is  in  tlie  center  of  tli(>  road 
Ix'lween  loiu'  |)OSts.  \()\i  will  notice  llinl  the  ni;i\iniuin  Mnd  niini- 
inuFii  sliow  comparatively  sni;ill  variation. 


9l6  TRANSACTIONS  I.  E.  S.,  DECEMBER,  1923 

A  similar  Isolux  Curve,  which  I  will  not  show  at  this  time,  has 
been  prepared,  with  an  ordinary  refractor  under  the  same  condi- 
tions, and  this  curve  shows  a  maximum  illumination  (fifty-four  one 
hundreths  foot  candle)  at  a  point  in  the  center  of  the  road,  midway 
between  two  posts  on  opposite  sides  of  the  street,  and  a  minimum 
illumination  (one-tenth  foot  candle)  at  a  point  in  the  road  midway 
between  four  posts.  In  other  words,  the  Bi-Lux  Refractor  is  able 
to  give  approximately  70  per  cent  more  light  at  a  point  in  the 
center  of  the  roadway,  midway  between  posts,  than  is  obtained 
with  the  most  efficient  type  of  refractor  hitherto  used. 

Charles  Gallo:  Mr.  Blackwell  could  not  be  here,  but  I 
will  speak  for  him.  When  you  look  at  the  last  page  of  this  report, 
you  will  probably  be  surprised  at  the  differences  in  cost  that  you 
find  there.  Some  of  the  contributors  have  treated  the  problem  as 
a  theoretical  one.  Mr.  Blackwell,  in  his  solution  treated  it  as  an 
actual  problem,  in  the  way  the  central  station  would  meet  it. 

As  illuminating  engineers,  we  probably  would  like  to  spend 
$25,000  per  mile  but  the  question  is:  will  the  city  pay  for  it? 
There  is  a  great  deal  of  work  to  be  done  in  selling  the  idea  of  better 
street  lighting  to  the  different  city  governments  and  I  think  you 
will  find  that  the  solution  sumbitted  in  Number  5  represents  a 
condition  which  is  considerably  better  than  that  generally  found 
today  in  the  majority  of  cities  of  that  size.  While  it  does  not  repre- 
sent an  enormous  improvement  compared  to  some  of  the  other 
solutions,  it  does  bring  the  standard  of  street  lighting  up  and  it  is 
practical,  in  that  such  a  solution  would  be  found  acceptable  to 
the  city  government,  whereas,  perhaps,  some  of  the  others  would 
not  be  found  acceptable. 

Discussing  the  distribution  of  light — while  this  street  is  a 
thoroughfare  it  is  also  a  residential  street,  judging  by  the  photo- 
graph given,  and  we  have  found  in  practice  that  people  living  on 
such  streets  object  to  an  upward  distribution  of  light,  as  Mr. 
Wood  has  said,  because  it  goes  into  second  story  windows,  and  so 
on.  So  that  it  is  more  suitable  to  install  a  fixture  which  will  give 
perhaps  not  quite  so  uniform  a  distribution  of  light  but  which  will 
give  more  light  directly  under  the  fixture  and  less  light  away  from 
it,  and  which  will  cut  down  the  flux  above  90  degrees. 


SOLUTIONS  OF  A  STREET  LIGHTING  PROBLEM  917 

The  solution  presented  is  one  that  can  actually  be  carried  out 
and  that  probably  will  prove  acceptable  to  the  government  of  the 
city  to  which  it  is  submitted. 

T.  W.  Rolph:  I  took  the  question  ''Desirable  Expenditure  Per 
Mile"  to  mean  the  expenditure  for  installation  cost  which  I  esti- 
mate not  to  exceed  Sio,ooo.  The  conditions  will  vary  greatly  in 
different  cities  and  often  that  can  be  put  in  for  less  than  $10,000 
per  mile. 

I  used  multiple  incandescent  lamps  because  in  figuring  out  the 
cost  of  installation  with  the  multiple  circuit  on  the  lot  lines  back 
of  the  street,  it  figured  out  considerably  lower  using  multiple  lamps 
and  running  underground  cable  out  to  the  street  and  using  time 
switches  to  control  those  lamps  in  small  groups.  The  multiple 
lamp  would  be  somewhat  less  efficient  than  the  series  lamp  but 
that  would  be  more  than  compensated  for  by  the  lower  investment 
charge. 

Nothing  was  said  about  the  availability  of  series  circuits  and 
it  might  be  that  with  a  more  complete  study  of  the  conditions  in 
the  actual  city  represented  here,  my  choice  would  be  changed. 
—  Mr.  Rolph  then  read  his  comments,  contained  in   his  contri- 
bution— . 

It  is  desirable  not  to  have  any  more  posts  on  the  street  than 
necessary.  However,  the  use  of  the  trollc}^  poles  for  street  lights 
involves  something  of  an  appearance  problem,  to  which  I  have  no 
sohition  at  hand.  The  posts  recommended  are  inconspicuous  in 
character,  and  judging  from  installations  of  a  similar  type  which 
have  been  put  in,  they  do  not  detract  from  the  appearance  of  the 
street  but  rather  add  to  it. 

I  would  like  to  say  in  general  discussion  of  this  problem  that 
the  times  througli  which  we  are  passing  in  street  lighting  are  not 
ordinary  times.  The  use  to  which  our  streets  are  being  put  has 
undc^rgone  a  revohitionary  change*  in  the  past  fifteen  years.  In 
tliat  period  of  time  the  number  of  aut{)nH)bil(\s  in  service  in  this 
country  has  increased  from  a  n('gligil)le  (luantity  up  to  ten  or 
twelve;  milHon  today;  and  you  arc  all  familiar  yoursclvc^s  witli  th(> 
great  changes  that  have  taken  place  in  the  charactcM-  of  street 
traflic. 
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The  most  serious  thing  which  has  accompHshed  those  changes 
is  the  increased  hazard  to  life  and  Hmb.  We  are  killing  in  the 
neighborhood  of  ten  to  twelve  thousand  people  annually  by  auto- 
mobiles. In  addition  to  that  there  are  innumerable  accidents  of  a 
minor  character.  A  large  number  of  accidents  take  place  at  night, 
and  statistics  presented  before  this  Society  at  the  192 1  Conven- 
tion showed,  as  a  result  of  actual  investigation,  that  approximately 
18  per  cent  of  these  night  accidents  were  due  to  inadequate  lighting. 

Therefore,  I  would  place  as  the  primary  requirement  of  street 
lighting  toda}^  that  we  provide,  in  so  far  as  we  as  illuminating 
engineers  can  provide,  for  the  elimination  of  those  traffic  accidents 
which  are  due  to  inadequate  illumination. 

Consequently,  it  is  necessary  to  obtain  the  highest  efficiency  in 
the  street  fighting  system  that  we  can  possibly  obtain.  We  must 
deliver  the  maximum  amount  of  light  on  the  street,  but  that  is 
not  the  only  requirement.  We  must  also  make  the  illumination 
as  effective  as  possible.  In  other  words,  the  illumination  must  be 
such  that  vision  will  be  as  easy  as  possible,  and  the  measure  of  the 
total  light  on  the  street  will  not  be  the  only  measure  of  that. 
Seeing  ability  is  what  is  needed. 

Seeing  ability  requires  not  only  that  the  street  itself  should  be 
lighted  but  that  objects  along  the  street  should  also  be  adequately 
lighted.  For  example,  if  a  child  steps  from  the  curbing  out  into 
the  street,  the  only  way  in  which  that  child  can  be  adequately 
lighted  is  by  an  illumination  on  the  child  itself,  because  the  child  has 
a  background,  which  is  essentially  dark.  That,  I  conceive,  means 
obtaining  an  approximately  uniform  horizontal  illumination,  and 
I  have  incorporated  that  in  the  problem. 

It  also  means  that  the  glare  from  the  lights  themselves  must  be 
reduced  to  the  minimum  and  to  do  that  we  should  raise  the  fights 
above  the  usual  line  of  vision  as  high  as  it  is  practical  to  raise  them. 
With  fofiage  and  with  side  mountings,  I  believe  that  20  feet  is  the 
highest  we  are  able  to  raise  them. 

The  design  of  the  post  and  the  idea  for  a  long  bracket  type  of 
mounting  which  enables  us  to  obtain  a  20  foot  height  were  first 
worked  out  by  the  engineers  of  the  National  Lamp  Works  and  I 
would  like  to  give  them  a  great  deal  of  credit  for  it.  Without  the 
use  of  a  long  bracket  of  that  character,  foliage  would  make  neces- 
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sary  a  mounting  height  in  the  neighborhood  of  15  feet.  Long 
brackets  have  been  used  previously  at  the  side  of  the  street  for 
non-ornamental  lighting,  but  never  before  have  they  been  in- 
corporated in  the  form  of  an  ornamental  standard,  and  I  think 
that  is  an  important  contribution  to  street  lighting  practice. 

W.  T.  Dempsey:  In  working  out  this  problem,  I  considered 
this  street  as  a  residential  thoroughfare  and  therefore  beheved  that 
the  lighting  installation  should  be  of  a  somewhat  ornamental 
design.  In  recommending  the  four  light  bracket  on  the  trolley 
pole,  I  had  in  mind  the  same  as  the  other  gentlemen  who  have 
utilized  this  same  form  of  support,  to  avoid  as  much  as  possible, 
any  further  congestion  of  the  street  surface.  I  selected  a  mutilple 
200-watt  lamp  on  the  curb  side  and  thi'ee  loo-watt  lamps  in  the 
other  sockets  on  the  house  side.  The  nuiltiple  installation  was 
adopted  to  avoid  the  duplication  in  investment  which  would  be 
necessary  if  the  series  system  was  utihzed.  I  believe  the  ques- 
tionnaire stated  that  a  60  cycle  secondary  system  was  intherearof 
the  houses  fronting  on  this  street,  supplying  service  for  commercial 
purposes,  and  in  utilizing  this  existing  system  of  distribution,  we 
avoid  a  duplicate  installation  and  the  extension  of  a  series  circuit 
from  the  distant  Central  Station  to  this  particular  street. 

I  did  not  quote  the  cost  of  installation  because  that  figure  is 
dependent  entirely  on  the  amount  of  money  the  City  Fathers 
wish  to  spend.  I  did  not  know  just  where  the  town  was  located 
but  that  (iu(\sli()n  would  have  to  be  settled  eiitirc^ly  on  the  basis  of 
the  cost  of  labor  and  material  in  the  localty  adjacent  to  the  town. 
To  install  a  series  circuit  to  light  this  particular  stre(^t  w(uiKl  u\viu\ 
a  considera})Ie  initial  cost  and  a  circuit  of  a  type  that  would  ouW 
be  woikiug  and  l)ringing  in  revenu(>  during  the  burning  period. 
I  (lid  not  lliink  that  should  be  done  in  vicnv  of  the  fact  that  service 
supply  is  so  near  at  hand,  in  fad  within  possibly  one  hinidnMl  icv\ 
of  the  curb. 

I  also  rccoinnirnd  that  this  multiple  circuit  \)c  controll«Hl  hy  a 
time  clock  which  would  turn  off  the  three  loo-watt  Lamps  at 
midnight,  leaving  the  200-watt  lanij)  l)Uining  until  sunrise. 

I  (hd  not  recoinniend  a  ver\'  great  intensity  in  illumination 
which  is  the  tendency  today  on  main  street  lighting.  It  is  not  my 
understanding  that    this   is  the   iwiuu  street    of  tlie   town.     This 
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particular  street  intersected  the  main  thoroughfare  or  business 
street  and  I  think  higher  intensities  should  be  reserved  for  the 
business  thoroughfares  entirely.  However,  at  the  business  inter- 
sections and  all  other  intersections  on  this  street,  I  did  recommend 
two  four  light  brackets  in  some  cases  and  four  in  the  more  import- 
ant cross  sections. 

G.  H.  Stickney:  When  all  is  considered,  it  seems  to  me  that 
we  have  a  surprising  uniformity  in  these  several  solutions.  We 
must  bear  in  mind  that  there  are  many  things  that  an  engineer 
looking  at  the  street  would  see,  which  it  is  not  practicable  to  detail 
in  presenting  the  problem.  The  local  psychological  attitude  is 
likely  to  have  quite  a  bearing.  Omitting  the  figures  which  are 
obviously  investment,  the  operation  cost  figures  range  from  $2,000 
to  85,000  and  average  about  $3500. 

Mr.  Manwaring's  figures  seem  to  be  higher  than  the  average  in 
proportion  to  the  light  supplied.  I  am  wondering  if  this  may  not 
be  on  the  basis  of  a  one  year  contract,  which,  I  believe,  is  the  legal 
hmit  in  his  City.  I  mention  this  to  bring  out  the  point  that  such 
local  factors  as  contract  conditions,  type  and  cost  of  construction, 
may  materially  effect  the  cost,  so  that  uniformity  cannot  necessarily 
be  expected  in  different  cities. 

The  trolley  poles  offer  considerable  opportunity  for  difference 
of  opinion.  The  desire  to  minimize  the  number  of  poles  in  the 
street,  favors  the  utiHzation  of  trolley  poles.  On  the  other  hand, 
their  use  imposes  some  limitation  on  ornamental  appearance  of 
system  and  location  of  lamps.  In  this  particular  case  I  am  in- 
clined to  go  with  the  six  who  favor  the  use  of  the  present  trolley 
poles.  It  seems  to  me  that,  by  ingeniously  selecting  the  poles, 
suitable  spacing  can  be  secured  and  suitable  relations  of  locations 
to  the  street  corners.  The  use  of  the  trolley  poles  makes  certain 
heights  of  light  centers — say  18  to  22  feet — unavailable,  but  a  very 
good  illumination  may  be  obtained  with  a  height  of  18  feet. 

While  some  solutions  of  the  problem  appeal  to  me  more  than 
others,  I  do  not  see  any  which  could  be  classed  as  bad.  I  think 
they  are  nearly  all  better  than  average  practice,  as  we  find  it. 

The  recommendation  of  time  switches  by  several,  raised  some 
question  as  to  whether  such  devices  are  proving  entirely  satis- 
factory in  large  installations,  especially  in  a  cold  climate. 
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Another  question  which  seems  to  require  further  study,  is  the 
method  of  expressing  the  quantity  of  illumination.  I  am  some- 
what in  sympathy  with  Mr.  Dickerson's  idea  of  giving  the  volume 
of  light  rather  than  intensity  on  the  horizontal  surface,  yet  realize 
that  it  does  not  tell  the  whole  story.  Average  illumination  on  the 
street  surface  does  not  mean  as  much  as  some  people  seem  to 
think.  The  distribution  and  direction  of  hght  appear  to  have  a 
distinct  bearing  on  the  seeing  value,  as  was  indicated  by  the  tests 
run  several  years  ago  in  the  Bronx.  At  the  levels  used,  uniform 
illumination  did  not  seem  to  be  particularly  advantageous,  while 
illumination  on  surfaces  approaching  the  vertical  assisted  in  seeing 
irregularities  and  obstructions.  No  satisfactory  method  of  assign- 
ing a  value  to  these  elements  has  yet  been  found. 

In  general,  it  seems  to  me  that  a  wider  variation  between 
maximum  and  minimum,  than  is  indicated  by  most  contributions, 
is  likely  to  be  realized  and  is  likely  to  prove  advantageous. 

Only  one  contributor  has  called  for  the  opposite  arrangement, 
all  but  one  of  the  others  have  called  for  the  staggered  arrange- 
ment. This  presumably  is  on  account  of  the  street  being  compara- 
tively narrow.  While  the  opposite  arrangement  unquestionably 
presents  a  better  appearance  for  the  light  units  themselves,  the 
staggered  arrangement  is  Hkely  to  give  a  more  effective  distri- 
bution for  seeing  purposes. 

R.  A.  Hopkins:  The  Committee,  1  believe,  should,  be  con- 
gratulated on  having  obtained  such  fine  replies  to  the  question- 
naire. They  put  the  solution  of  the  problem  in  concrete  form 
which  is  valuai)le  data. 

1  would  like  to  suggest  that  \\\r  (listrii)ution  system  enters 
into  the  total  cost  in  such  a  large  proportion  that  it  should  b(^ 
given  some  consideration,  and  1  wonder  if  some  of  \\w  contri- 
butors will  be  kind  enough  to  give  us  their  view  points  on  such 
(|uesti()ns  as  carrying  a  trench  on  each  side  of  the  street  vim'sus 
staggering,  and  the  us(*  of  single  conductor  cable  v(m*sus  twin  cable. 

Anothei"  point  was  suggested  by  Mr.  Wood's  paj)er  UKMitioning 
asynietrical  lighting.  In  our  sul)ways  whcM'i*  dircM'tion  of  tratlie 
is  absolutely  standardi/ed  we  nic  all  aecustonie(i  to  seeing  loo 
JKT  cent.  a.syrnet rical  lighting  so  that  the  inotorman  nevcT  receives 
glare  from  the  Lamps.     In  our  I'nitcMl  States  streets  our  direction 
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of  traffic  is  practically  as  thoroughly  standardized  so  that  it  seems 
some  thought  should  be  given  to  throwing  the  light  principally^  in 
the  direction  of  traffic,  or  in  other  words,  away  from  the  driver. 

W.  H.  Woods:  I  see  the  multiple  system  has  been  pretty  well 
over-ridden  by  the  series  system.  In  Toronto  we  use  entirely  the 
multiple  system  for  our  street  lighting  service. 

We  have  now  under  construction  the  installation  of  street 
lighting  on  trolley  poles.  You  will  find  that  the  tubular  pole  of 
28  feet  is  set  about  5  feet  in  the  ground  and  you  cannot  get  an 
average  height  of  about  20  feet  for  the  hangers.  Our  practice 
there  is  to  make  a  uniform  height  of  14  feet.  We  try  to  keep  it 
16,  if  possible.  Of  course,  the  contour  of  the  street  enters  in. 
We  have  lights  on  the  top  of  the  grade  probably  a  Uttle  low ;  which 
is  about  13  feet  in  a  few  cases.  But  we  have  found  the  use  of  the 
trolley  pole  very  practicable  by  using  a  22-inch  bracket  with  a 
3 00- watt  lamp,  and  at  present  we  are  using  a  Moonstone  globe. 
But  our  fixture  have  been  designed  in  such  a  manner  that  it 
is  universal,  that  is  our  unit  may  be  upright  or  pendant.  We  can 
also  adapt  any  light  control  that  we  may  wish  to  put  in  at  a  later 
date. 

Naturally,  in  improving  the  city  street  lighting  we  are  governed 
by  the  amount  of  money  that  the  commissioner  can  allow.  A 
street  that  we  are  particularly  interested  in  at  present  is  an  80  foot 
street,  semi-business  in  character,  where  they  have  an  iron  trolley 
pole  on  one  side  of  the  street.  On  the  other  side  of  the  street  the 
distribution  primary  lines,  which  means  a  50  foot  cedar  lead.  We 
use  the  cedar  pole  for  one  of  the  trolley  suspensions  poles. 

There  is  another  point  of  great  advantage  to  the  city  in  the 
multiple  system  that  probably  may  be  overlooked  by  the  average 
power  station,  and  that  is  the  usefulness  of  the  street  lighting 
circuit  to  control  signs.  The  sign  business  in  Toronto  has  become 
quite  a  revenue-producer  and  we  are  encouraging  that  line  of 
business  provided  it  does  not  interfere  with  the  voltage  regulation 
of  a  transformer  section. 

Another  advantage  in  the  mulitple  system  is  that  two  trans- 
formers on  one  section  can  be  used.  The  idea  of  this  is  continuity 
of  service ;  if  a  transformer  happens  to  drop  out,  there  would  then 
be  only  alternate  lights  on  the  street,  out.    This  has  proven  very, 
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satisfactory  in  case  of  storms.  You  maj"  criticize  this  probably 
from  an  engineering  standpoint  on  the  lower  efficiency'  obtained  in 
using  two  transformers,  in  stead  of  one  but  when  you  consider 
that  a  large  system  has  a  number  of  small  transformers  on  hand, 
due  to  increased  power  demand,  you  will  realize  it  is  a  good  way 
to  use  up  small  transformers  which  are  obsolete  stock  with  in- 
crease in  service  continuity.  (Laughter) 

Another  point  in  favor  of  the  multiple  system  is  that  a  4,000 
volt  circuit  out  of  stations  can  be  used  and  one  side  of  the  trans- 
former grounded  to  the  neutral.  That  gives  about  2200  volts 
across  the  primary  of  its  transformer.  For  instance,  in  Toronto 
there  are  over  55,000  lamps  controlled  with  21  pricircuits,  wliich 
is  not  usual  practice  with  the  series  system. 

I  don't  know  that  I  wish  to  make  any  other  comments,  only 
I  am  glad  that  the  question  of  street  lighting  has  come  up  in  this 
practical  way  to  start  with,  and  I  believe  in  our  future  conventions 
we  will  get  something  good  out  of  the  discussion. 

An  extreme  example  on  this  point  occurred  during  the  war  in 
London,  where  owing  to  air  raids  it  was  necessary  to  darken  the 
streets  and  dim  the  street  Hghting.  The  means  employed  for 
doing  this  was  to  send  men  out  with  brushes  to  paint  the  arc  lamp 
globes  black.  The  result  was,  the  street  lighting  was  definitely  cut 
down  to  a  permanent  condition  of  almost  complete  darkness  ir- 
respective of  whether  the  period  was  one  of  air  raids  or  not.  With 
the  facilities  given  by  series  lighting  on  independent  circuits  it 
would  have  been  possible  to  have  kept  the  streets  lighted  normally 
and  the  lights  need  only  have  been  decreased  or  extinguished  dur- 
ing the  hours  when  air  raid  attacks  were  made — as  tlu*  authorities 
were  always  apprised  in  advance,  in  ample  time,  of  any  im|)ending 
air  raids.  In  this  way  the  whole  of  London  could  have  had  the 
benefit  of  the  fullest  street  ligliting  except  for  th(^  few  minutes  or 
hours  of  the  active*  air  raids. 

I  :ini  also  inteicsled  lo  iiole  the  prevalence  of  recommendations 
for  the  pendant  type  <>f  lantern  as  against  the  upiKihl  type.  Only 
one  recommendation  is  for  the  upright  form  of  l.imj),  Tiie  u[>- 
riglit  glol)e  is  ornamental  type. 

(Jne  thing  that  it  seems  to  me  we  ought  to  try  to  .avoid  is  th(* 
use  of  any  form  of  ('(juipment  wiiich  increases  the  dilliculty  of 
cleaning  or  wliich  aggravates  the  uccumulation  of  dust  and  dirt 
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on  the  lamp  globe.  This  is  the  objectionable  feature  of  the  design 
of  fixture  shown  in  Figure  12,  where  you  have  metal  strips  sur- 
rounding the  outside  of  the  globe.  The  advantage  of  a  fixture  such 
as  is  shown  in  Figure  18  is  in  providing  a  clear  globe  without  any 
outside  strips  or  bands.  The  same  thing  applies  to  lanterns  shown 
in  Figure  3 ;  these  are  all  panel  lamps  with  strips  or  bands.  Such 
a  design  was  necessary  in  the  earlier  days  when  the  only  form  of 
lamp  glass  obtainable  was  sheet  glass  but  now  with  the  glass 
industry  developed  as  it  is,  with  all  forms  of  glass  obtainable,  it 
seems  a  throwback  to  adopt  lanterns  with  panelings  in  them. 

F.  W.  WiLLcox:  I  think  the  industry  is  to  be  congratulated 
upon  the  standardization  that  appears  to  be  indicated  by  the 
uniformity  of  the  various  recommendations  contained  in  this 
report. 

With  the  exception  of  19 19,  this  is  the  first  Convention  of  the 
Society  I  have  had  the  pleasure  of  attending  in  some  fourteen 
years.  Coming  back  now  to  find  such  a  consist ancy  in  street 
lighting  work  impresses  me  most  favorably,  and,  I  think  the  in- 
dustry is  to  be  felicitated.  If  you  will  recall  the  varieties  of  street 
lighting  systems  which  have  been  promoted  and  tried  during  the 
last  fifteen  years,  from  arc  lighting  through  all  forms  of  incandes- 
cent lighting,  I  think  you  will  agree  it  is  remarkable  and  a  great 
credit  to  illuminating  engineering  and  this  Society  that  such  a 
uniformity  of  recommendation  is  to  be  found. 

Several  points  are  worthy  of  mention.  It  is  interesting  to  note 
that  every  recommendation  employs  the  incandescent  lamp.  I 
suppose  for  the  particular  type  of  street  considered  the  arc  lamp 
was  not  suitable.  I  am  also  gratified  to  note  the  predominance  of 
recommendations  for  series  lighting.  Only  two  proposals  recom- 
mend multiple  lighting. 

There  is  a  good  deal  to  say  for  the  independant  operation  of 
street  lights  on  series  circuits,  because  you  will  have  fogs  and  dark 
days  or  periods,  and  there  are  also  periods  of  brilliant  moonlight 
effects,  to  call  for  modulation  of  this  lighting. 

T.  W.  Rolph:  In  Mr.  Sweet's  solution  to  the  problem  he  used 
a  four-way  refractor  and  inasmuch  as  this  refractor  is  a  rather 
radical  departure  in  design  it  might  be  of  interest  to  show  it. 
This  is  the  four-way  refractor  (demonstrating),  and  it  is  made  in 
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two  pieces.  The  inside  piece  carries  horizontal  prisms  which  give, 
by  vertical  re-direction  or  up-and-dowTi  re-direction,  the  charac- 
teristic vertical  distribution  of  hght  for  street  lighting.  The  out- 
side piece  is  di\'ided  into  four  equal  prismatic  constructions,  as  you 
see.  Opposite  the  clear  space,  the  hght  goes  directly  through  with- 
out re-distribution  laterally.  These  prisms  at  the  side  of  the  clear 
space  turn  the  light  in  a  lateral  direction  without  affecting  the  up- 
-and-down  distribution;  the  prisms  half  way  between  clear  spaces 
turn  the  hght  in  both  directions,  one  side  of  the  prism  acting  to 
turn  it  into  one  street  and  the  other  side  acting  to  turn  it  into  the 
other  street.  In  that  way  you  obtain  a  lateral  distribution  which 
is  about  hke  a  four-leaf  clover  and  you  double  the  intensity  of 
hght  at  the  maximum,  as  compared  with  a  similar  symmetrical 
refractor. 

The  increase  in  illumination  which  you  can  obtain  by  distri- 
buting the  light  more  efficiently  over  the  street  with  such  a  re- 
fractor is  around  40  per  cent  over  what  is  usually  obtained  with 
symmetrical  refractors. 

I  would  like  to  say  that  I  think  it  is  an  excellent  scheme  for 
presenting  a  street  lighting  paper,  to  have  a  symposium  of  this 
character,  so  that  many  dilTeront  minds  all  work  on  the  same  prob- 
lem. 

It  is  interesting  to  note  that  the  mounting  hoiglit  gcMierally 
recommended  here  is  about  as  high  as  could  be  used  with  the  tree 
conditions  which  obtain.  I^iglitcen  feet  to  twenty-five  feet  wa,s 
generally  recommended  for  mounting  luMglit.  ()n(^  mounting 
height  was  14  feet  6  inches  and  our  12  feet.  In  connection  with 
that  12-foot  mounting  height,  there  would  seem  to  be  little  r(\is()n 
why  it  shouldn't  be  15  feet  because  trees  would  surely  not  interfere 
at  that  mounting  height. 

Mr.  Sweet  in  his  solution  used  a  s|)a('ing  of  lo^j  times  the 
mounting  luMght  and  obtained  an  illumination  variation  of  5  to  1. 
That,  for  all  practical  purposes,  is  uniform  illumination.  In  my 
solution  to  the  problcni  I  used  a  spacing  of  6}^2  tim(\s  the  moimt- 
ing  height  and  n»y  justification  for  this  closer  spacing  is  that  it 
onables  me  to  place  the  angle  of  inaxinnnu  can(ile|H)\ver  10  de- 
grees lower  than  in  the  other  case  and  obtain  as  good  a  uniformity. 
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I  believe  that  is  an  important  thing  in  reducing  glare.  However, 
I  can't  see  any  justification  for  spacings  closer  than  6  times  the 
mounting  height.    Some  were  of  that  character. 

I  don't  believe  that  the  illumination  recommended  here  by 
any  of  us  is  high  enough.  We  must  absolutely  prevent  accidents 
which  are  due  to  inadequate  street  lighting  and  I  don't  believe  we 
can  thoroughly  do  that  with  illuminating  intensities  such  as  we 
have  recommended  here.  I  haven't  any  doubt  that  within  the 
next  few  years  we  will  see  illuminations  of  one  foot-candle  at  least 
on  streets  of  this  character.  However,  we  have  this  practical 
condition  now :  that  it  is  a  very  difficult  matter  indeed  to  get  cities 
to  spend  the  amount  of  money  they  ought  to  spend  to  obtain  com- 
plete safety.  Therefore  I,  along  with  the  others,  have  recom- 
mended a  lower  intensity  of  illumination  because  I  cannot  justify 
the  high  intensity  that  really  ought  to  be  put  on  the  street  until 
the  rest  of  the  city  is  also  brought  up  to  the  same  high  character  of 
illumination,  and  I  know  very  well,  since  this  is  a  typical  city, 
that  that  cannot  be  done  right  now.  It  will  be  done  before  very 
many  yeai-s  pass  by,  I  am  sure. 

H.  T.  Plumb:  Nature's  way  of  street  lighting  is  hard  to  beat. 
It  consists  of  a  very  high  source  and  very  thoroughly  diffused  light 
from  that  source,  and  the  point  source  of  light  is  usually  hidden 
from  the  driver's  eye,  if  you  please. 

Long  rows  of  brilliant  street  lights  stuck  on  trolley  poles  or 
otherwise  are  undoubtedly  artistic  and  beautiful  to  look  at  but 
they  are  naturally  wrong  because  they  are  contrary  to  Nature's 
way  of  doing  business.  Street  lights  should  give  light  to  see  by, 
and  should  not  be  seen.  Therefore,  some  day  you  will  go  even  be- 
yond the  schemes  that  are  presented  here  and  devise  means  of 
street  lighting  which  will  consist  of  a  lamp  that  is  totally  invisible. 

I  like,  therefore,  suggestions  such  as  those  made  by  Mr.  Wood 
and  by  another  speaker  who  mentioned  asymmetrical  distribution 
in  the  direction  of  travel. 

E.  Y.  Davidson,  Jr.:  I  notice  that  in  the  second  part  of  the 
questionnaire  the  question  is  asked:  ''What  average  and  minimum 
horizontal  foot-candles  values  of  illumination  in  service  should  be 
supphed  on  the  street?" 
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In  reading  that,  I  wondered  if  it  would  not  be  possible  to  ex- 
press that  question  in  terms  with  which  we  are  more  directly 
concerned.  Should  we  not  ask  ourselves  the  question:  "What  is 
a  city  buying?  What  does  it  desire  from  a  street  Ughting  instal- 
lation? Is  it  foot-candle  intensity,  average  or  maximum?"  For 
my  part,  I  think  it  is  ''ability  to  see"  on  the  part  of  the  pedestrian 
or  motor  driver;  if  one  is  able  to  see,  one  derives  from  the  street 
lighting  condition  the  thing  for  which  the  street  lighting  installa- 
tion is  made. 

I  hesitate  to  make  this  suggestion  because  I  do  not  know  in 
what  terms  those  values  can  be  clothed,  but  I  feel  that  the  amount 
of  illumination,  either  average,  maximum  or  minimum,  expressed 
in  foot-candles  is  only  the  means  toward  the  end  and  not  the  end. 

We  are  all  familiar  with  the  old  distribution  curve  of  an  enclos- 
ing globe  of  one  shape  or  another,  seemingly  throwing  its  light 
energy  to  the  four  winds.  We  are  prone  to  think  that  it  is  un- 
scientific in  its  distribution  of  hght,  and  yet  I  am  of  the  personal 
conviction  that  such  a  unit  requires  a  lower  foot-candle  intensity 
of  illumination  on  the  street  to  produce  a  given  condition  of  visi- 
bility than  another  systems,  say  the  directional  lighting  system, 
required  to  produce  the  equivalent  "abihty  to  see." 

I  hope  that  in  the  future  some  work  can  be  done  in  that  direc- 
tion: to  determine  just  what  is  the  relation  between  those  factors, 
and  how  they  contribute  to  the  final  result. 

My  second  thought  on  this  Symposium  is  in  connection  with 
depreciation.  I  think  if  figures  could  be  given  in  each  one  of 
these  installations  to  show  in  a  given  city  with  a  given  atmos- 
pheric condition  the  depreciation  through  a  period  of  time,  it 
would  be  also  helpful.  I  know  that  in  some  installations  in  certain 
localities  certain  (HiuipnuMit  can  ix'  used,  and  in  (^tluM'  localities 
that  equipment  is  disastrous. 

PuESTON  S.  MiLL.vu:  Having  dcclincnl  to  participate^  in  this 
Syni|)()siuin,  with  a  few  uncomplinientary  allusions  to  the  project. 
I  would  like  to  take  this  occasion  to  comj)lim(^nt  the  Conuuittee 
on  having  brouglit  forward  a  vcvy  interesting  Symposium. 

One  8p<'aker  remarked  that  the  problem  of  li^htiiii;  a  street  of 
this  character  is  distinctly  a  problem  of  j)roni()ting  visibility,  and 
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it  is  indeed  so.  When  you  consider  the  problem  of  promoting 
visibihty  on  a  street  to  be  hghted  with  a  relatively  small  amount  of 
light  at  night  you  come  flatly  up  against  the  silhouette  question. 

One  speaker  has  suggested  that  the  light  be  shot  down  the 
street  in  the  direction  in  which  the  vehicles  proceed.  That  is  on 
the  assumption  that  we  are  going  to  see  people  and  irregularities 
in  the  street  surface  and  objects  on  the  street  solely  by  the  light 
reflected  by  them,  whereas  in  a  street  of  this  character  it  is  not  so. 
We  see  most  things  on  the  street  because  they  are  silhouetted 
against  the  street  background  which  is  in  the  long  run  brighter 
than  the  objects  on  the  street,  and  it  is  by  availing  of  that  contrast 
offered  by  the  silhouette  that  we  most  readily  perceive  the  things 
that  must  be  avoided  on  the  street. 

Mr.  Plumb  has  stated  that  Nature's  way  of  street  lighting  is 
the  best.  It  perhaps  serves  no  useful  purpose  but  I  can't  refrain 
from  commending  to  him  the  words  of  Juliette, 

''Oh  swear  not  by  the  moon,  the  inconstant  moon. 
That  monthly  changes  in  her  circled  orb" — (Laughter) 

If  Nature  lighted  the  streets  properly  we  wouldn't  be  having 
this  Symposium  today.  (Laughter) 

In  the  interesting  summary  on  the  last  page  I  observe  that 
eight  of  the  eleven  contributors  suggest  that  the  refractor  be  used 
as  an  auxiliary  to  some  larger  outer  glass  envelope.  That  is  the 
way  I  think  the  refractor  should  be  used.  That  is  the  way  the 
refractor  can  be  used  most  advantageously.  So  used  it  is  a  very 
useful  element  of  the  street  luminarie. 

Mr.  Sweet  in  his  contribution  has  advocated  a  center  span 
mounting  for  lamps  on  such  a  street  as  this.  Some  of  the  other 
contributors  have  advocated  rather  long  brackets  of  the  mast  arm 
or  some  other  type.  I  am  distinctly  in  favor  of  that  sort  of  light- 
ing for  this  class  of  street  because  although  in  this  street  the  pave- 
ment is  brick,  and  the  benefit  on  a  brick  pavement  is  perhaps  less 
than  on  an  asphalt  pavement,  yet  if  you  can  get  the  lamp  over  the 
driveway — that  is,  between  the  curb  and  the  trolley  track — ^you 
get  the  benefit  of  the  streaks  of  light  reflected  from  the  street 
surface,  those  streaks  proceeding  perhaps  from  lamps  a  quarter  or 
a  half  mile  away,  which  greatly  assist  the  nearby  lamps  in  reveal- 
ing irregularities  in  the  street  surface  and  objects  on  the  street. 
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In  concluding  I  would  like  to  suggest  to  the  Committee  or  to 
its  successor  that  they  carry  on  in  this  effort,  and  if  they  can, 
choose  a  street  which  is  to  be  re-lighted  which  some  municipal 
engineer  perhaps  has  the  problem  of  re-lighting,  instead  of  nam- 
ing a  hypothetical  street  which  is  insufficiently  described,  as  this 
one  had  of  necessity  to  be.  Let  them  name  a  particular  street — 
North  Eleventh  Street  in  Squeedunck — and  give  definite  informa- 
tion ab)Out  that  street  and  about  the  policy  in  that  city  with  regard 
to  street  lighting  expenditures  and  the  character  of  street  lighting 
in  the  other  streets  of  the  city,  and  including  an  expenditure  limit- 
ation, if  that  is  necessar\'.  I  believe  that  a  further  symposium  of 
this  kind  would  be  even  more  successful  than  the  present  one  and 
would  go  far  toward  bringing  the  best  talent  of  the  country  to 
apply  itself  to  this  problem. 

Further,  if  they  could  classify  the  answers  so  as  to  show  whether 
the  men  who  are  oflfering  the  solutions  are  connected  with  the 
manufacturing  companies  which  supply  the  equipment  or  with 
the  o[X'rating  companies  or  with  the  municipalities,  or  whether 
they  are  indejx'ndent  of  both  operating  and  manufacturing  con- 
nections, I  believe  that  would  add  to  the  interest  of  thinr  sum- 
mary. And  if  they  find  any  man  who  is  conunitteed  commercially 
to  a  particular  kind  of  system  through  selling  it  or  recommending 
it,  who  ofi"ers  a  solution  which  is  not  in  keeping  with  the  system 
to  which  he  is  committed,  I  would  suggest  he  be  made  an  honorary' 
memlx^r  of  the  Society. 

President  Harrison:  ^Tr.  Dempsey.  you  have  been  calliHl 
u[K)n  twice  to  answer  (|uestioiis  and  explain  things  to  us.  and  I 
think  evcTV  one  would  be  interested  in  what  I  do  not  know  of  in 
detail  but  wliat  1  liave  heard  of  in  general:  a  ni^w  means  of  (••in- 
trolling  lamps  that  you  are  putting  in  o|)eration. 

\\  .    r.  Dkmi'skv:    ^'es,  we  li;i\c  such  a  system. 

Kour  or  five  questions,  Mr.  Harrison,  have  Imm^u  ask(Ml.  and 
if  I  may  take  the  liberty,  I  shall  answer  them  in  their  oider. 

Mr.  Stickney  a.sk<'d  about  the  installation  of  a  multiple  cir- 
cuit on  this  street — 

(i.  II.  Siicknky:    Of  I  hr  lime  switch. 

\V.  T.  Dk.mpsky:  Yes.  .My  thought  was  ihat  on  eitluM-  side 
of  the  stierl    We   wnuld   luive  a  uuiltiple  duph'X   wire,   looiM'd   Uj> 
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into  each  post.  It  would  be,  I  think,  about  Number  6  B.  &  S.,  two 
covers,  rubber  insulated  and  lead  covered,  laid  in  a  narrow  trench 
and  that  circuit  would  control  six  or  ten  lamps  on  one  side  of  the 
street.  It  would  be  fed  in  the  center  by  a  three-wire  main  from 
the  transformer.  The  other  side  of  the  street  directly  opposite 
would  be  supplied  by  another  transformer.  In  that  way,  the 
liabilit}^  of  total  outage  in  that  section  of  the  street  is  reduced  to 
a  minimum. 

The  whole  thoroughfare  over  a  distance  of  a  mile  being  so 
lighted  from  many  taps  on  different  commercial  primaries  would, 
I  think,  reduce  the  possibility  of  total  outage  over  the  entire 
street  area,  as  mentioned  by  Mr.  Willcox;  it  would  be  reduced  to 
a  minimum. 

With  regard  to  Mr.  Stickney's  question  on  time  clocks,  we 
have  been  operating  the  1500  lamps  in  Central  Park  for  ten  years 
on  time  clock  on  the  multiple  system.  About  the  first  of  Novem- 
ber, we  put  a  small  heating  coil  in  each  clock,  and  I  can  report  that 
these  clocks  do  give  very  excellent  service. 

On  the  remote  control  of  multiple  street  hghting  from  the 
central  station,  mentioned  by  Mr.  Millar,  we  have  7,000  lamps  on 
the  multiple  system  in  New  York  that  are  controlled  by  a  pilot 
wire.  This  system  was  installed  after  the  lamps  were  installed. 
Previous  to  the  installation  of  this  system,  to  pufc  it  in  another 
way,  each  lamp  was  controlled  individually.  Well,  that  was  quite 
a  job  and  quite  a  problem.  Through  the  co-operation  of  two  of 
the  large  manufacturers,  a  very  small  type  relay  was  designed  and 
we  have  a  pilot  wire  leading  from  the  sub-station,  running  along 
a  particular  avenue,  we  will  say  for  a  mile,  and  entering  another 
sub-station.  A  circuit  of  this  tj^pe  can  readily  be  opened  up  for 
testing  purposes  along  its  entire  length,  including  both  ends.  The 
control  wire  is  looped  into  a  post  on  the  corner  of  each  intersecting 
street,  and  in  this  particular  post  is  a  relay  that  closes  the  multiple 
circuit  by  gravity,  so  that  we  do  not  depend  upon  potential  to 
turn  the  street  lighting  on.  In  other  words,  if  anything  should 
happen  to  the  control  circuit,  the  worst  that  could  happen  would 
be  that  the  street  lamps  would  go  on  and  not  off.  That  system 
has  been  in  operation  now  for  five  years  and  has  given  very  excel- 
lent service. 
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O.  F.  Haas:  In  designing  the  system  submitted  by  the  writer, 
mounting  the  lighting  units  on  the  existing  trolley  poles  was  con- 
sidered. There  were  several  reasops  wh}^  this  plan  was  abandoned, 
(i)  From  the  print  of  the  street  it  was  evident  that  the  concrete 
poles  had  a  marked  rake  as  they  have  in  practically  all  installa- 
tions, and  therefore  a  rigid  bracket  fitted  to  them  would  not  have 
a  good  appearance.  (2)  It  was  also  evident  from  the  print  that 
the  poles  were  located  at  varying  distances  back  from  the  curb. 

(3)  It  was  considered  very  desirable  in  locating  the  units  to  place 
one  at  the  head  of  each  ''dead-end"  street  and  thus  provide  an 
effective  spread  of  light  down  the  side  street  as  well  as  an  especially 
bright  area  clearly  marking  the  intersection.  This,  of  course, 
could   not   be   accomplished   by   utilizing  existing   trolley   poles. 

(4)  As  we  were  specifying  underground  distribution  it  was  not 
thought  that  any  material  saving  in  total  installation  cost  would 
result  from  adapting  the  system  to  trolley  poles  already  in  place. 

Without  doubt,  additional  poles  add  to  the  cluttered  appx^ar- 
ance  of  the  street.  However,  with  the  design  as  submitted  it  does 
not  mean  duplicating  the  existing  poles,  in  fact,  it  only  means 
adding  about  one  more  pole  in  four. 

Mr.  Rtickney  remarked  that  the  various  solutions  are  (juitt^ 
similar.  In  general  the  annual  operating  costs  and  amount  of 
ilhimiiiation  on  the  street  recommended  are  similar.  However,  a 
study  of  the  essential  features  of  the  various  sohitions  show  spac- 
iiigs  ranging  from  90  feet  opposite  to  266  feet  center  span,  light 
generated  per  outlet  from  2500  lumens  to  10,000  lumens  and 
mounting  heights  from  12  to  25  feet. 

Before  it  will  be  possible*  to  convinct*  city  aiul  central  station 
ofhcials  generally  that  tlicir  particular  cities'  lighting  probliMus  can 
be  solved  through  the  aj)plication  of  souiul  engineering  prin(ij)les, 
there  must  first  exist  among  street  lighting  engine(>rs  th«Miselv(\^  a 
rejusonable  degree  of  unanimity  of  opinion  on  the  fun(l:nnent;il 
f)rincij)leH  of  the  ait.  It  has  been  generally  felt  that  the  difTerence 
of  oj)inion  on  the  |)ait  of  engineers  is  primarily  due  to  the  inconi- 
[)let('ness  of  fundamental  data  on  the  visibility  of  objects  under 
varioiis  systems  of  street  lighting.  Investigations  by  various 
individuals  an<l  organizations  have  contributed  substantiallv  to 
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this  knowledge,  but  even  with  the  information  resulting  from  these 
tests  there  are  still  many  important  factors  which  have  not  as  yet 
been  definitely  evaluated. 

The  Central  Station,  City,  and  lamp  company  of  Cleveland 
have  co-operated  in  installing  a  full-scale  experimental  set-up  for 
investigating  and  demonstrating  the  principles  underlying  thor- 
oughfare and  residence  district  lighting.  The  installation  covers  a 
2000-foot  section  of  a  typical  Cleveland  street,  East  152nd  Street. 
It  consists  of  some  40  separate  circuits — virtually  forty  streets  in 
one — and  each  circuit  with  the  lamps  it  controls  illustrates  a 
definite  principle.  Lamps  ranging  from  100  candlepower  (1000 
lumen)  to  3000  candlepower  (30,000  lumen)  in  size,  spacings  from 
75  to  900  feet,  mounting  heights  from  11  feet  to  26  feet,  and  loca- 
tion of  units  from  2  feet  back  of  the  curb  line  in  four  successive 
steps  (by  the  use  of  bracket  arms)  to  the  center  of  the  street,  are 
employed. 

This  installation  affords  by  far  the  most  comprehensive  de- 
monstration of  street  lighting  principles  and  effects  ever  installed 
and  to  the  best  of  my  knowledge  is  the  only  place  in  the  world 
where  a  comparison  of  a  wide  variety  of  lighting  effects  upon  the 
street  can  be  instantly  made.  It  is  planned  to  conduct  a  number 
of  investigations  on  this  street  under  the  various  lighting  effects 
for  a  wide  variety  of  conditions,  with  the  view  of  properly  evaluat- 
ing the  different  factors  involved  and  obtaining  definite  informa- 
tion regarding  the  particular  characteristics  of  each  system. 

This  installation  will  also  serve  another  distinct  purpose,  apart 
from  its  research  function  as  the  selection  of  a  suitable  street  light- 
ing system  by  a  town  or  city  has  always  been  rendered  difficult  on 
account  of  the  lack  of  an  opportunity  to  view  a  number  of  different 
street  lighting  systems  at  one  time  and  to  compare  their  charac- 
teristics with  respect  to  the  specific  requirements  of  that  town  or 
city. 

A  cordial  invitation  is  extended  to  all  members  of  the  Illuminat- 
ing Engineering  Society  to  view  and  study  this  demonstration. 

L.  A.  S.  Wood:  Mr.  Haas  in  his  discussion  spoke  of  the  rake 
of  trolley  poles.  The  rake  on  steel  trolley  poles  is  something  that 
has  been  handed  down  to  us  from  the  wooden  poles  and  there  is 
no  reason  at  all  why  a  steel  trolley  pole  should  have  any  rake  at  all. 
But  if  there  is  a  rake  on  a  steel  trolley  pole  it  can  be  easily  removed. 
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In  Salt  Lake  City  all  the  trolley  poles,  when  they  put  in  their 
ornamental  trolley  poles,  were  straightened,  I  believe  by  simply 
pulling  them  over. 

Mr.  Blackwell's  and  Mr.  Dempsey's  contributions  are  ver>' 
interesting  because  they  reflect  the  central  station's  attitude  to- 
ward street  lighting  and  I  think  that  in  their  solutions  they  have 
been  influenced  by  the  question  of  cost  and  the  availability  of 
funds.  I  don't  think  that  is  the  right  way  to  approach  tliis  ques- 
tion of  improved  street  lighting. 

The  gentleman  from  Toronto  also  spoke  of  the  fact  that  he  was 
governed  by  the  amount  that  the  commissioner  had  available. 

Why  consider  that  question?  If  we  are  sold  on  the  idea  of 
improved  street  lighting,  let  us  go  out  and  convince  the  cities  and 
the  municipal  authorities  and  the  central  stations  and  the  com- 
missioners that  it  is  desirable  to  spend  such  money  to  get  an  ade- 
quate system  that  will  not  only  be  ofhcicnt  but  that  will  also  be 
ornamental  and  add  beauty  and  charm  to  the  city.  That,  I  think, 
is  what  we  have  to  do. 

Mr.  Hopkins  asked  the  question  whether  we  had  considered 
uni-directional  asymmetrical  distribution.  We  did,  but  we 
realized  that  pedestrians  would  be  walking,  on  one  side  of  the 
street,  in  both  directions  and  therefore  to  direct  the  light  in  one 
direction,  only  down  the  street,  for  the  benefit  of  the  vehicles, 
would  work  a  liardship  on  |x*destrians. 

He  also  mentioned  underground  cable.  Prior  to  my  coming 
to  the  United  States  in  191 1,  I  was  connected  with  street  lighting 
in  England  and  had  a  drilling  in  underground  cable  construction. 
There  underground  cable  construction  is  almost  universally  used. 
and  I  was  sold  on  the  steel-armoured,  lead-<'overed  cable.  I  am 
glad  to  say  that  in  the  I'nited  States  steel-armoured,  lead-covered 
cable  is  now  becoming  very  common,  and  I  belicn'e  that  it  is  the 
solution  to  these  imderground  street  lighting  systems. 

I  do  not  think  there  is  any  a(lvantag(»  in  using  twin  cable. 
It  is  true  that  tlie  cost  of  (win  c.'ible  is  a  little  less  than  the  cost 
of  two  separate  cahles  l>ul  the  dillieulty  in  slicing  .'ind  making 
joints  and  connections  in  tlic  (win  caiile  run  uj)  the  cost  of  that 
work,  and  in  the  long  run  you  are  very  httle  better  olT  than  if 
you  had  laid  two  single  conductor  cal)les. 
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Mr.  Willcox  brought  out  a  very  important  point  when  he 
said  that  it  was  desirable  to  have  the  street  Hghting  system  inde- 
pendent from  the  commercial  system,  I  heartily  agree  with  him 
in  that. 

Mr.  Millar  made  an  interesting  confession.  He  said  when  he 
received  this  questionnaire  he  was  dubious  as  to  the  desirability 
of  it  and  I  am  very  glad  to  say  that  he  came  across  like  a  man  and 
told  the  truth  about  what  he  found  out  afterwards. 

I  feel  that  the  Committee  is  to  be  commended  upon  the  work 
they  have  done  in  this  Symposium,  and  I  would  like  to  ask  the 
Chairman  whether  it  would  be  in  order  to  entertain  a  motion 
commending  the  Committee  on  the  work  that  they  have  done. 

President  Harrison:   I  think  that  would  be  quite  in  order. 

L.  A.  S.  Wood:  Then  I  move  that  the  Committee  on  Papers 
be  especially  commended  for  this  Symposium  because  it  has  given 
us  an  opportunity  to  discuss  street  lighting  problems  in  a  manner 
that  I  believe  could  not  have  been  afforded  in  any  other  way. 
(Applause) 

President  Harris:  You  have  heard  the  motion;  is  it  seconded? 

.   .   .  The  motion  was  seconded  and  unanimously  carried  .   .   . 

President  Harrison:  Mr.  Stair, the  meeting  extends  you  a 
vote  of  thanks. 

J.  L.  Stair:  I  don't  know  that  there  is  anything  else  the 
Committee  has  to  offer. 

This  symposium  idea  was  approached  with  a  little  bit  of  fear 
and  trembling;  it  was  an  experimental  sort  of  proposition  as  far 
as  the  Committee  was  concerned,  but  I  think  we  are  convinced 
now  that  it  has  worked  out  successfully.  We  will  be  glad  to  pass 
on  to  the  next  Committee  the  symposium  idea  and  see  if  Mr. 
Millar's  suggestion  regarding  another  street  lighting  problem  can 
be  put  into  effect,  or  if  the  symposium  idea  can  be  carried  into 
other  fields  of  lighting. 

Charles  Gallo:  In  this  particular  problem,  regarding  the 
question  as  to  whether  there  should  have  been  series  or  multiple 
used,  it  would  probably  have  been  better  to  have  the  multiple  if 
use  could  have  been  made  of  the  rear  lock  line.  However,  in 
using  that  line,  one  question  comes  up  and  that  is  getting  the 
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authority  to  lay  your  line  between  the  houses,  which  are  private 
property,  and  I  think  perhaps  sometimes  it  will  be  found  that  the 
trouble  encountered  in  securing  this  right  overbalances  the  ad- 
vantage obtained  by  using  that  rear  lock  line. 

President  Harrison:  Mr.  Halvorson,  I  have  been  asked  to 
call  on  you  for  discussion. 

C.  A.  B.  Halvorson,  Jr.:  I  am  very  much  interested  in  this 
symposium  and  believe  that  some  of  the  systems  recommended 
will  work  very  well.     (Laughter) 

The  question  of  asymmetric  distributions  in  general  is  a  very 
interesting  one  and  I  might  say  a  very  dehcate  subject  to  handle; 
that  is,  in  street  hghting. 

Mr.  Wood  made  the  statement  that  it  was  a  new  thing  to  use 
an  asymmetric  distril)ution  or  at  least  to  suggest  an  asymmetric 
distribution.  I  will  simply  say  that  there  have  Ix^en  in  use  for 
several  years  fixtures  which  give  an  asymmetric  distribution,  and 
very  successful  lighting.  But  their  use  thus  far  has  been  confined 
to  the  lighting  of  highways,  whore  the  conditions  of  road  surface 
and  so  on  are  very  advantageous  to  that  type  of  distribution. 
In  other  words,  the  light  reflected  toward  the  users  of  the  highway 
is  of  importance,  in  that  the  brightness  of  the  road  surface  is 
affected,  and  that  of  courNO  is  due  in  turii  to  the  character  of  the 
road  surface. 

In  this  particular  case,  the  road  surface  is  not  one  that  lends 
itself  especially  to  an  asynunetric  distribution,  in  my  opinion. 
I  feel  that  the  total  amount  of  liglit  in  tlie  street  is  of  far  greater 
importance  and  that  the  light  ought  to  l)e  buncluMl,  so  to  sjx^ak, 
and  placed  on  the  street  in  such  a  way  that  the  silhouette  efTect  can 
l>e  obtained. 

In  otlu-r  words,  the  (piestion  of  visibility  is  the  whole  thing, 
and  the  brightness  of  the  unit  and  the  brightness  of  the  stnM^t 
surface,  and  those  factors,  are  of  the  gicatest  inij)ortanee.  In  that 
connection,  1  brlii  \c  Mr.  .Millar  lijus  contributi'd  more  of  vahn^ 
to  this  discussion  than  any  man  who  has  talkecl  on  this  floor. 

I  would  like  to  hear  Dr.  Sharp  talk  on  a.'^ynunetric  distril)U- 
tions.  lie  was  one  of  the  earliest,  as  far  as  I  know,  to  |u-o|>ose 
distribution  of  that  kind,  and  1  am  (juite  sun*  that  I  )r.  Sharp  can 
ad<l  a  great  deal  of  IntereHt  to  this  discussion,     (.\pplause) 
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President  Harrison:  Dr.  Sharp,  will  you  discuss  the  subject? 

Clayton  H.  Sharp:  It  is  quite  a  good  many  years  ago  now 
since  I  presented  to  this  Society  a  form  of  reflector  which  was 
intended  to  conserve  the  light  flux  and  to  throw  it  up  and  down 
the  street  rather  than  to  the  side.  And  it  did  that.  It  did  it 
pretty  well.  The  street  lighting  art,  however,  had  not  reached 
the  point  where  that  sort  of  a  system  was  demanded.  There 
seemed  to  be  no  place  for  it  in  the  then  existing  scheme  of  things, 
and  after  long  experimentation  with  such  reflectors,  the  matter 
was  given  up  largely  on  account  of  the  difficulties  of  manufactur- 
ing such  an  appliance  and  as  I  say  because  of  the  fact  that  the 
art  had  not  reached  the  point  where  the  need  for  such  a  contri- 
vance was  recognized. 

However,  I  want  to  say  that  I  have  been  very  much  pleased 
to  see  this  idea,  which  really  is  quite  an  old  one,  revived  and  given 
new  life  by  the  production  of  asymmetrically  distributing  units 
for  street  lighting,  not  only  of  the  reflecting  but  also  of  the  re- 
fracting type.  I  believe  that  the  underlying  idea  is  sound;  that  is, 
in  street  lighting  at  best  we  have  to  deal  with  a  very  limited 
amount  of  luminous  flux  and  it  is  very  important  to  put  that 
where  it  will  do  the  most  good.  Where  it  will  do  the  most  good 
depends  to  a  considerable  extent  upon  the  character  of  the  street. 
In  some  cases,  it  may  do  the  most  good  by  smearing  it  generally 
over  the  landscape;  in  other  cases,  it  undoubtedly  will  be  most 
effective  by  concentrating  it  in  the  direction  of  the  street  at  the 
proper  angle  to  give  the  best  appearance  of  brightness  to  the 
surface  and  to  minimize  the  effect  of  glare  on  users  of  the  street. 

At  the  present  time,  even  though  the  production  of  luminous 
flux  is  on  a  scale  which  was  not  approached  twelve  or  thirteen  years 
ago  when  I  was  working  on  this  thing,  I  believe  that  the  question 
of  the  economical  use  of  our  luminous  flux  is  still  of  very  great 
importance,  and  I  believe  that  the  systems  which  are  now  before 
the  public  offer  at  least  an  approximate  solution  for  many  condi- 
tions of  street  lighting. 

President  Harrison  :  Mr.  Chairman,  on  behalf  of  the 
Society  I  want  to  thank  you  for  the  very  interesting  symposium 
this  afternoon.  I  feel  that  from  those  eleven  papers,  there  is  a 
great  deal  that  one  can  learn.     The  points  on  which  the  contri- 


SOLUTIONS  OF  A  STREET  LIGHTING  PROBLEM  937 

butors  agree  are  most  interesting  and  I  think  two  of  the  points 
on  which  they  disagree,  such  as  those  Dr.  Sharp,  Mr.  Halvorson 
and  Mr.  Wood  have  brought  out,  are  also  very  interesting. 

On  that  question  of  cost,  as  I  read  the  question,  it  seems  to  ask 
what  the  engineers — these  people  I  believe  who  contributed  are  all 
engineers — think  the  city  ought  to  spend  for  street  lighting.  In 
other  words,  they  must  establish  first  what  they  think  is  proper 
before  they  can  expect  the  city  fathers  to  come  up  to  it.  In  that, 
I  agree  loo  per  cent  with  Mr.  Wood. 
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BY  SAMUEL  G.  HIBBEN** 


SYNOPSIS:  The  advent  of  the  new  spray-colored  or  diffusing  bulb  Mazda  lamps  has 
made  possible  some  remarkable  decorative  effects  in  the  spectacular  lighting  of  streets  for 
pageants  and  festivals. 

One  of  the  latest  and  most  striking  of  such  engineering  accomplishments  is  described  by 
the  author,  being  the  decorations  of  Washington,  D.  C,  during  the  National  Shriner's 
Convention  of  June,  1923. 

The  more  decorative  lighting  of  prominent  streets,  employing 
permanent  equipment,  is  becoming  evident  as  the  quality  and 
harmonious  shapes  of  the  ornamental  standards  increase  and  as 
our  communities  devote  more  attention  to  city  planning  and  civic 
beauty.  This  type  of  street  lighting,  however,  involves  under- 
ground wiring,  lasting  materials,  and  the  fixed  placing  of  lighting 
accessories.  Its  decorative  features  are  usually  considered  se- 
condary to  the  efficiency  of  street  surface  and  building  front 
illumination. 

The  other  form  of  decorative  street  lighting  using  temporarily 
placed  equipment  and  popularly  known  as  pageant  lighting, 
should  consider  the  decorative  and  spectacular  features  preem- 
inently, for  usually  the  matter  of  operating  efficiency  is  not  a 
factor.  Pageant  lighting  is  not  new,  but  in  numerous  recent  in- 
stances it  has  assumed  much  larger  proportions  and  forms  a" 
striking  part  of  any  special  convention  or  celebration.  The  out- 
door illumination  becomes  the  much  advertised  feature,  the  chief 
drawing  card,  the  ''piece  de  resistance"  of  the  pageant. 

The  recent  advent  of  spray  coated  or  diffusing  bulb  incandescent 
lamps  has  greatly  aided  such  lighting  displays  because  thereby 

♦A  Paper  presented  before  the  Annual  Convention  of  the  Illuminating  Engineering 
Society,  Lake  George,  N.  Y.,  September  24-28,  1923- 

♦♦Manager,  Illumination  Bureau,  Westinghouse  Lamp  Co.,  New  York,  N.  Y. 

The  Illuminating  Engineering  Society  is  not  responsible  for  the  statements  or  opinions 
advanced  by  contributors. 
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Fig.  3. — Design  of  the  Major  Festoon. 
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Fig.  4. — Design  of  the  Minor  Festoon. 


Fig.  5  — The  Center  Crown. 
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it  is  possible  to  secure  more  satisfactory'  and  permanent  colors 
and  particularly  because  the  lamp  bull)s  so  colored  appear  attrac- 
tive in  the  daytime  as  well  as  when  burning. 

Many  varieties  of  pageant  street  lighting  have  been  known  to 
the  illuminating  engineer,  from  the  large  banners  or  translucent 
boxes  placed  about  the  existing  street  luminaires  to  the  elaborate 
arches  of  lattice-work  or  jeweled  frame-work  spanning  streets  one 
hundred  feet  or  more  in  width.  It  is  possible,  however,  to  gain  an 
idea  of  the  construction  and  methods  of  arranging  for  such  a 
special  lighting  installation  by  a  study  of  one  of  the  most  recent 
and  perhaps  the  largest  pageant  lighting  display,  namely  the  illum- 
ination of  Washington,  D.  C,  during  the  Shriners'  Convention  of 
June  1923.  This  installation  demonstrates  some  of  the  possibilities 
with  temporary  equipment  and,  while  involving  only  the  ordinary 
materials  that  might  be  assembled  i)y  any  good  wiring  contractor, 
it  nevertheless  deserves  study  in  order  to  formulate  a  clear  con- 
ception of  the  processes  of  erection,  maintenance,  and  operating 
costs,  and  the  general  effects  produced. 

This  installation  was  originally  designed  to  provide  a  decorative 
canopy  over  Pennsylvania  Avenue,  Washington,  D.  C,  for  6500 
feet  from  the  U.  S.  Capitol  grounds  to  the  Treasury  Building  in 
accordance  with  the  street  plan  of  Figure  i.  The  canopy  was  later 
extended  about  half  a  mih*  on  Pennsylvania  Avenue  past  the 
White  House,  and  involved  also  some  festoons  and  other  equip- 
ment in  the  so-called  "Garden  of  Allah"  in  front  of  the  Treasury 
Building.  See  Figure  2.  The  plan  called  for  a  street  illumination 
of  between  one  and  two  foot-candles  to  enable  dancing  on  tlu* 
street  surface,  and  the  general  idea  was  followed  providing  for  the 
minimum  number  of  obstructions,  it  i)eing  iH^cessary  to  keep  the 
avenue  entirely  clear  of  scaffolding  :\\n\  supports  both  during 
erection  and  after  coniplf'tion. 

THE  FESTOONS,  AND  LAMPS 

Two  Btylos  of  festoons  wrw  installed,  shown  in  l^'igures  3  and 
4.  The  spacing  distance  between  festoons  was  .ipproxininti^ly  100 
U'('\ ,  resulting  in  58  minor  and  5  major  jjieccs  between  the  Capitol 
jind   the  Treasury    Huilding.      (hi   the   less   prominent    streets   the 
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minor  festoons  were  used  spaced  at  300  foot  intervals.    Each  major 
festoon  consisted  of  the  following  lamp  equipment: 


146 

1 5- watt 

S-14 

115  volt 

Mazda  B 

Yellow  Spray 

208 

I  o-watt 

S-14 

1 1 5  volt 

Mazda  B 

Green  Spray 

220 

10- watt 

S-14 

115  volt 

Mazda  B 

Red  Spray 

30 

I  o-watt 

S-14 

115  volt 

Mazda  B 

White  Spray 

2 

50-watt 

PS-20 

ii.S  volt 

Mazda  C 

White  Spray 

606  lamps,  total  for  each  festoon 

Each  minor  festoon,  consisting  of  a  central  crown  and  pendant 
but  using  only  single  streamers  of  lamps,  was  made  up  of  the 
following : 


116 

1 5- watt 

S-14 

115  volt 

Mazda  B 

Yellow  Spray 

104 

I  o-watt 

S-14 

115  volt 

Mazda  B 

Green  Spray 

82 

I  o-watt 

S-14 

115  volt 

Mazda  B 

Red  Spray 

30 

I  o-watt 

S-14 

1 1 5  volt 

Mazda  B 

White  Spray 

2 

50-watt 

PS-20 

115  volt 

Mazda  C 

White  Spray 

334  lamps,  total  for  each  festoon 

Considering  only  the  portion  of  Pennsylvania  Avenue  shown 
in  Figure  i,  this  resulted  in  22,  402  lamps  initially  installed,  while 
the  lamps  in  the  Garden  of  Allah  and  in  the  minor  street  decora- 
tions a  little  more  than  doubled  this  number.  The  lamp  bulbs 
were  supplied  tipless,  naturally  reducing  the  handling  breakage. 

The  connected  load  of  each  major  festoon  was  6.87  k.w.,  of 
each  minor  festoon,  4.00  k.w.,  or  a  total  for  the  Avenue  between 
the  Capitol  and  the  Treasury  of  266.35  k.w.  This  provided  about 
42  watts  per  running  foot  of  street. 

At  voltage,  the  lumens  of  the  various  lamps  were  taken  as: 


Size  of  Lamps 
15-watt  yellow 
I  o-watt  green 
I  o-watt  red 
I  o-watt  white 
50-watt  white 


Approximate  Lumens 
65 
7 

13 

77 

470 

Consequently  the  installation  provided  roughly  1.2  generated 
lumens  per  square  foot  of  street  area. 

In  this  installation  the  Shrine  colors  of  red,  green,  and  yellow 
were  made  predominant,  while  the  intersections  of  the  various 
drapes  and  the  outlines  of  the  pendant  circular  plaques  were 


'mM 


Fig.  6. — Pennsylvania  Avenue  looking  toward  the  Capitol. 
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Fig.  8. — More  than  a  Mile  of  Canopy  of  Light 


Fig.  9. — Looking  toward  the  Capitol  at  Night 
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marked  by  white  diffusing  bulb  lamps.  Where  the  festoons  ended 
in  the  foliage,  the  green  lamps  were  carried  to  the  supporting  poles, 
and  on  the  sunburst  center  pieces,  the  rays  were  alternate  red 
and  green,  the  lamp  colors  matching  the  color  of  the  background. 
Golden  yellow  was  the  predominating  color,  simulating  the 
yellow  sands  of  the  "road  to  Mecca". 

The  center  pieces  or  crowns  were  built  up  of  sheet  metal  wired 
with  receptacles  on  both  faces,  the  completed  unit  being  about  6 
feet  high  and  lo  feet  wide.  Two  sections  of  conduit  were  clamped 
to  each  sunburst,  the  upper  conduit  being  slightly  above  the  center 
of  gravity,  designed  to  carry  the  weight  of  the  festoons.  The 
lower  conduit  carried  a  guy  cable  that  acted  as  a  safety  precau- 
tion as  well  as  preventing  the  swing  of  the  center  pieces  in  the  wind. 
Figure  5  illustrates  one  of  these  units  before  erection. 

SUPPORTING  AND  PLACING  THE  FESTOONS 

Wooden  poles  were  set  about  5  feet  into  the  sidewalk  inside 
the  curb  line,  it  being  found  necessary  to  remove  a  concrete  block 
or  to  chip  a  hole  thru  the  paved  surface,  being  careful  to  avoid  any 
damage  to  cellars  and  tunnels  under  the  paving.  Forty  foot  poles 
thus  projected  35  feet  above  the  sidewalk  and  were  guyed  where 
possible  to  the  building  fronts  by  %  inch  or  3^2  inch  steel  messenger 
cable.  These  poles  were  painted  green  and  red  and  wore  not 
conspicuous  among  the  foliage. 

After  the  poles  were  in  place,  a  %  inch  messenger  cable  was 
strung  thru  the  upper  conduit  on  the  sunburst  and  the  festoons 
were  attached  to  the  bottom  portion  of  each  sunburst,  the  center 
pieces  being  pulled  out  to  their  final  position  by  sliding  along  the 
cable,  feeding  out  the  festoons  from  one  side  and  pulling  in  on  the 
other.  In  this  manner  the  erection  would  not  obstruct  street  car 
or  vehicular  traffic  and  the  center  pieces  could  be  easily  lined  up 
by  adjusting  tension  on  th(»  bottom  cable.  Calculating  with  a 
large  safety  factor,  it  was  decided  to  have  a  maximum  droop 
of  the  cable  so  that  the  ccntcT  i)ortion  would  h(^  4  {co\  bellow  the 
ends.  This  placed  the  lowermost  lamp  of  the  major  festoon  about 
17  feet  above  the  car  tracks.  'Hie  average  span  of  each  festoon 
was  no  feet,  curb  to  curl). 

After  the  f(»stoons  were  in  place  it  was  found  necessary  to 
reduce  the  windage  on  the  p(>ndant   circular  plaques  by  cutting 
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away  an  area  surrounding  the  star  and  within  the  arms  of  the 
crescent  monogram  that  was  painted  thereon.  These  monograms 
were  of  various  design  as  illustrated  in  the  day  view  of  Figure  6. 

The  lamping  of  the  weatherproof  sockets  called  for  the  erection 
of  special  wooden  towers  shown  in  Figure  7,  which  were  rolled 
along  the  street  surface  and  did  not  interfere  with  traffic.  These 
towers  carried  ballbearing  wheels  at  their  bases  and  afforded 
easy  access  to  the  lamps  for  inspection  and  renewals.  One  tower 
was  kept  in  operation  after  midnight  each  evening  to  replace 
burnt  out  lamps,  and  adjust  sockets. 


SERVICE,    AND    ERECTION    COSTS 

The  electric  service  was  carried  on  cables  attached  to  the 
wooden  poles  along  one  side  of  the  street,  with  20  manually 
operated  control  switches  that  were  in  reach  of  the  ground.  One 
hundred  and  ten — two  hundred  and  twenty  volt  direct  current 
was  available,  the  total  Avenue  canopy  installation  representing 
about  300  kilowatts.  The  magnitude  of  this  complete  installation 
may  be  better  understood  when  noting  that  in  all,  including  the 
Avenue  extensions,  slightly  over  50,000  lamps  were  used,  repre- 
senting an  average  kilowatt  hour  consumption  per  day  of  2900. 
The  current  was  turned  on  at  twilight  of  each  day  and  during  the 
convention  was  turned  off  at  sunrise. 

The  total  erection  required  about  four  weeks  utilizing  an 
average  of  thirty  men  and  the  maintenance  required  a  crew  of 
usually  three  men  from  midnight  to  dawn.  The  small  number 
of  lamps  failing  during  service  was  very  gratifying,  indicating 
that  the  moderate  swaying  in  the  wind  did  not  seriously  effect  their 
performance  even  tho  one  rather  severe  storm  occurred  during 
the  pageant. 

The  idea  in  mind  from  the  beginning  was  to  provide  what 
from  a  distance  would  appear  to  be  a  continuous  canopy  of  golden 
light  beneath  which  parades  and  other  traffic  would  pass,  and  this 
effect  was  secured  in  a  very  magnificent  and  pleasing  manner  as 
may  be  gathered  from  Figures  8  and  9.  One  feature,  adding  to 
the  beauty,  was  the  symmetrical  and  uniform  droop  of  the 
festoons,  and  the  alignment  of  all  units  in  the  long  vista. 
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The  total  installation  cost  in  this  case  represented  between 
$35,000  and  $40,000,  not  counting  the  value  of  the  salvaged  lamp 
sockets,  wire  and  poles. 

Anyone  fortunate  enough  to  observe  the  final  installation  was 
impressed  by  the  beauty  of  the  setting  and  the  symmetry  and 
striking  color  of  the  jewel-like  canopy.  No  similar  installation  on 
such  a  grand  scale  has  heretofore  been  made  in  American  cities 
and  the  success  of  this  particular  one  encourages  other  pageant 
decorations  of  a  like  nature  for  Fourth  of  July  celebrations, 
historical  conventions,  and  other  gatherings  where  careful  attention 
to  color  arrangements  and  artistic  or  graceful  grouping  of  colored 
lamps  will  give  to  the  business  streets  a  festive  atmosphere  that 
could  not  be  equalled  in  an}^  other  manner.  It  is  hoped  that 
future  displays  of  this  character  will  be  carefull}^  planned  and  will 
be  elaborated  upon  to  the  extent  that  such  pageant  lighting  will 
be  looked  upon  as  a  safe  and  beautiful  display  more  permanent 
than  fireworks  and  more  striking  than  the  haphazard  stringing 
of  incandescent  lamps  arranged  without  careful  consideration 
of  symmetry  and  color  harmony. 

DISCUSSION 

D.  W.  Atwater:  I  would  like  to  add  a  few  points  to  what  Mr. 
Hibben  has  just  said — some  sidelights  on  the  installation  of  these 
decorations  in  Washington. 

The  feature  which  impressed  me  most  was  the  accurate  align- 
ment and  the  uniform  sparing  of  the  festoons  along  the  Avenue. 
When  the  f)reliininary  surv(\y  was  made  of  Pennsylvania  Avenue 
we  felt  that  the  decorations  would  have  to  be  comparatively  simple 
as  there  was  apparently  nothing  to  which  festoons  or  decorations 
could  be  attached.  When  asked  what  could  he  done  tlu^  chair- 
man of  the  Shriners'  Decoration  Committee  replied,  "You  can  do 
anything  you  please;  we  have  had  an  act  of  Congress  passed  per- 
mitting us  to  do  anything  wv  want". 

It  wns  decided  to  |)lacc  the  festoons  100  feet  ajiart,  which  ac- 
cording to  the  map  we  were  using  represented  1  inch.  The  drafts- 
man in  indicating  the  positions  for  the  fi^stoons  located  tluMU  at 
exactly  i  inch  inlciwils  regardless  of  IocmI  condilions.  As  a  result 
some  of  the  positions  hapj)ened  lo  fall  in  the  middle^  of  in((>rs(M'ting 
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streets.  This  apparently  made  no  difference  as  the  pavement 
was  dug  up  and  forty  foot  poles  erected  along  the  Avenue  at 
exactly  loo-foot  spacings  as  indicated  on  the  plan. 

Preliminary  tests  were  made  to  determine  the  relative  value  of 
dipped  and  sprayed  coated  lamps  for  decorative  purposes.  Fes- 
toons of  each  were  hung  up  and  observed  from  various  positions. 
When  observers  were  about  lo  or  15  feet  away  there  seemed  to  be 
very  Uttle  difference  as  to  the  desirability  of  using  one  in  preference 
to  the  other.  When  50  feet  away  there  was  a  favorable  twinkle  or 
sparkle  to  the  dipped  lamp.  Upon  going  further  from  the  festoons 
in  positions  approximating  that  of  an  observer  looking  at  the  actual 
installation  over  Pennsylvania  Avenue,  it  was  decided  to  use  the 
spray  coated  lamp  for  with  the  same  wattage  the  light  source 
seemed  considerably  larger  and  brighter.  As  Mr.  Hibben  men- 
tioned, the  day-time  appearance  of  the  spray  coated  lamp  was  far 
superior  to  that  of  the  dipped  lamp.  After  approximately  two 
weeks  outdoors  service  and  several  hundred  hours  ^f  b\  rniiig  the 
spray  coating  was  found  to  be  unaffected  with  no  visible  change 
in  the  lighted  appearance  of  the  lamp. 

Chairman  F.  M.  Feiker:  Would  any  one  else  like  to  discuss 
this  paper? 

Those  of  us  who  saw  this  installation  realize  that  there  aren't 
many  samples  of  this  sort  in  the  country,  but  it  occurs  to  me  that 
as  time  goes  on  there  is  going  to  be  more  and  more  pageant  street 
lighting  to  take  the  place  of  fire  works  in  municipal  celebrations, 
and  so  on. 

A  few  weeks  ago  the  fall  festival  in  Cincinnati  opened  and  I 
believe  there  they  w^orked  out  a  tower  of  jewels  idea.  The  idea 
of  the  municipality  seemed  to  be  that  electricity  offered  a  certain 
opportunity  for  decoration  at  the  time  of  fall  festivals  and  similar 
local  celebrations,  in  lieu  of  the  ordinary  arrangements  of  flags 
and  so  on. 

It  seems  to  me  that  if  this  paper  does  nothing  more,  it  points 
out  a  very  remarkable  installation  which  is  interesting  many 
communities  in  the  use  of  electricity  for  decorative  lighting  of 
this  sort.  I  would  like  to  have  it  discussed  more,  if  there  are  other 
people  who  care  to  contribute  to  the  discussion. 

John  B.  Taylor:  What  was  done  with  the  ordinary  street 
lights  during  this  special  illumination? 
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S.  G.  Hibben:  Mr.  Taylor,  the  permanent  lights  in  Washing- 
ton are  on  rather  low,  ornamental  posts,  set  into  the  foliage. 
They  were  left  burning  during  this  celebration,  since  the  diffusing 
globes  were  not  troublesome.  For  safety's  sake,  and  chiefly  be- 
cause there  were  no  bad  effect  from  them  we  left  them  burning. 
There  usually  exists  a  street  lighting  contract  that  necessitates 
the  maintenance  of  the  regular  service. 

John  B.  Taylor:   Was  there  no  change  in  globes? 

S.  G.  Hibben:  No,  sir.  It  was  thought  best  at  first  to 
color  those  globes,  but  that  was  a  rather  difficult  job.  They  were 
hot,  since  most  of  them  are  arcs  and  the  only  thing  we  might  have 
done  would  have  been  to  put  some  sort  of  banner  or  enclosed, 
diffusing  box  around  them,  but  in  among  the  foliage  that  wasn't 
considered  advisable.  They  had  no  deleterious  effect  on  the  over- 
bead  light. 

John  B.  Taylor:  The  difference  in  spacing  did  not  break  up 
the  symmetry  of  the  whole  arrangement  then? 

S.  G.  Hibben:  No.  Standing  at  one  end  of  the  avenue  j^ou 
could  see  only  a  few  of  those  ornamental  posts  at  one  time,  unless 
you  got  in  the  middle  of  the  street.  There  was  a  line  of  trees  al- 
most all  the  way  down  the  avenue,  especially  at  the  eastern  end. 

H.  C.  Doughty:  What  was  done  with  the  lamps  at  the  close 
of  the  convention?  Where  is  the  market  wherein  they  were  dis- 
posed of? 

S.  G.  Hibben:  There  arc  several  markets  in  which  these  lamps 
might  have  been  disposed  of.  If  you  ask  mo  what  was  the  particu- 
lar one  in  this  case,  I  would  say  that  the  Shrine  Commit  too  clioso 
to  purchase  lamps  themselves;  some  of  them  were  kept  for  their 
own  use,  for  various  meetings  and  decorations  of  their  own,  and 
quite  a  number,  I  believe  over  half,  wore  sold  to  be  used  in  other 
decorations  olsowhoro.  Of  course,  each  time  the  lamps  are  sold 
as  "seconds"  tlioy  probably  decrease  in  price.  There  is,  naturally, 
an  amortization  every  time*  th(*y  are  put  U|)  and  taken  down,  but 
at  any  rat(^  they  are  passed  on  for  use  in  other  meetings,  and  used 
in  minor  schemes. 

C.  A.  Athkuton:  1  would  liko  to  ask  Mr.  HibluMi  why  ho 
decided  to  use  15-watt  lamps  for  Iho  yellow  and  lo-walt  lamps  for 
the  red  and  green  portions  of  his  display.     This  would  of  coui'se 
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not  result  in  equal  brightness  in  each  of  the  colored  portions.  It 
would  seem  to  me  that  the  lamp  wattages  should  if  anything  have 
been  reversed,  if  equal  or  anything  approaching  equal  brightness 
were  desired. 

S.  G.  Hibben:  On  the  basis  of  brightness  or  lumen  output, 
we  had  about  this  ratio;  of  the  15-watt  yellow,  65  lumens;  that 
is  approximately;  of  the  lo-watt  green,  7  lumens;  of  the  lo-watt 
red,  13  lumens;  of  the  lo-watt  white,  77  lumens.  Of  course,  the 
yellow  at  the  same  wattage  would  have  the  larger  lumen  output; 
the  green  the  least.  We  had  from  this  overhead  equipment 
somewhere  in  the  neighborhood  of  one  foot-candle  on  the  street 
surface.  We  could  have  used  lo-watt  yellow,  getting  a  little  less 
illumination,  without  seriously  affecting  the  decorative  balance. 

C.  A.  Atherton  :  I  questioned  whether  or  not  equal  brightness 
in  the  various  colored  parts  of  the  display  was  not  desirable. 
Would  you  not  have  gotten  better  results  and  a  more  pleasing 
display  by  having  more  or  less  the  same  color  strength  in  the  green 
and  red  that  you  had  in  the  yellow.  For  example,  if  you  had  put 
say  25  and  50-watt  lamps  in  the  red  and  green  portions,  respectively 
and  lo-wattlamps  in  the  yellow,  you  would  have  gotten  somewhere 
near  equivalent  color  effects  from  the  three  sets  of  lamps. 

S.  G.  Hibben:  We  wanted  to  get  the  yellow  predominant,  of 
course,  because  the  parades  and  all  the  festivities  were  supposed 
to  be  over  ''The  Golden  Sands  of  the  Road  to  Mecca"  and  it  was 
necessary  to  have  the  gold  color  emphasized. 

N.  D.  Macdonald:  May  I  ask  Mr.  Hibben  just  what  the 
proportion  of  salvaged  lamps  was.  It  would  appear  that  in 
handling  incandescent  lamps  out  in  the  open  with  more  or  less 
unskilled  labor  the  breakage  must  have  been  very  high.  Have  you 
any  figures  as  to  how  many  were  reclaimed? 

S.  G.  Hibben:  No,  I  can't  give  you  exact  figures  on  that. 
One  cannot  differentiate  the  breakage  from — I  won't  call  it  theft, 
just  natural  depreciation  of  lamps.  (Laughter)  If  I  were  to  make 
a  guess,  I  would  say  we  got  back  about  40  to  50  percent  of  the 
lamps. 

The  handling  of  those  lamps  you  know  is  unusually  rough. 
The  actual  operation  is  to  fill  a  peach  crate  with  a  number  of  them 
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and  pour  them  from  one  peach  crate  to  another.  (Laughter)  If  a 
peach  basket  happens  to  topple  off  the  top  of  one  of  the  towers  in 
the  street,  the  lamps  do  suffer  sometimes.  (Laughter) 

We  had  a  pretty  high  depreciation.  In  such  cases  as  this,  I 
would  say  that  it  is  lucky  if  you  got  back  more  than  50  percent  of 
good  lamps  after  everything  was  down.  Souvenirs,  you  know,  are 
useful  (Laughter).  Small  lamps,  too,  are  not  as  sturdy  as  larger 
ones. 

L.  C.  Porter:  I  would  like  to  ask  Mr.  Hibben  if  he  had  con- 
sidered at  all  the  use  of  skidoodle  plugs  in  that  major  curtain.  It 
would  seem  to  me  with  all  those  various  curtains  in  there  blinking 
at  different  times,  it  would  make  a  ver>^  beautiful  and  very  effective 
stunt. 

S.  G.  Hibben:  That  would  have  been  a  good  idea,  discounting 
cost.  We  had  thought  of  trying  not  individual  skidoodle  plugs, 
but  a  master  control  system  with  relay  operation  so  that  wo  could 
flash  sections  of  streamers  down  the  street,  or  better  yet,  take 
any  one  color — say  yellow — and  run  all  the  yellows  through,  then 
fade  those  and  bring  up  the  greens  and  reds.  But  the  cost  in 
connection  with  that  sort  of  thing  is  prohibitive. 

In  smaller  installations,  I  presume  skidoodle  plugs  could  handle 
it  very  well.    It  would  give  a  rather  novel  effect  certainly. 

Chairman  F.  M.  Feiker:   Are  there  any  other  questions? 

H.  C.  Doughty:  On  thinking  this  over,  I  haven't  felt  entirely 
satisfied  with  Mr.  Hibben's  reply  as  to  the  disposal  of  the  lamps 
and  possibly  a  word  along  that  line  might  not  be  amiss. 

Our  company  has  condu(!ted  pageant  installations  for  a  luim- 
ber  of  years  at  one  plant  that  I  hav(>  in  ihIthI,  and  our  practice 
has  always  been  to  use  the  dipped  lani])s,  which  could  be  washed 
afterwards  and  re-sold  if  not  used  too  long.  (Laught(M')  We  did 
experiment  with  the  sprayed  lamps.  It  is  not  my  purpose  to 
discuss  the  nicrits  of  the  sprayed  lamp  as  against  the  dippml  lamp, 
although  I  li.'ivc  my  own  opinion  as  (o  the  light  and  its  ciliciency, 
l)Ut  our  experience  <h(l  show  us  that  foi'  (liis  pai'liculai-  purpose*, 
(lipped  lainj)s  were  preferable  lo  the  s|)raye(l  lamps  for  teni|)orary 
installations.  And  Ix-fore  any  one  went  into  that.,  it  secMued  to 
nie  that  would  be  a  good  thought  to  leave  for  eonsidcMation. 
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In  regard  to  putting  them  up,  we  found  the  outfit  that  suited 
our  purpose  best  was  a  tower  erected  on  a  Ford,  and  we  got  con- 
siderable speed  out  of  that. 

Preston  S.  Millar:  Mr.  Chairman,  may  I  ask  the  last 
speaker  at  what  price  those  used  lamps  were  sold  and  what  is 
the  name  of  the  company  that  followed  that  practice?  (Laughter) 

H.  C.  Doughty:  Professional  etiquette  makes  me  refrain  from 
answering  that  question,  Mr.  Chairman.    (Laughter) 
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SYNOPSIS:  The  Committee  on  Motor  Vehicle  Lighting  in  the  Report  for  the  present 
year  summarize  their  activities.  Specifications  for  rear  lamps  have  been  drawn  up  and 
adopted,  receiving  the  endorsement  of  the  Society  of  Automotive  Engineers.  The  Headlight- 
ing  Specifications  have  become  a  tentative  American  Standard.  The  Conference  of  Motor 
Vehicle  Administrators,  consisting  of  the  New  England,  Middle  Atlantic  States  and  Ohio,  are 
approving  headlighting  devices  under  the  Standard  Specifications.  The  Cahfornia  Headhght 
law  is  the  standard  specifications  with  but  slight  modification.  International  relationship  has 
been  established  through  the  Committee  Chairman  with  the  International  Commission  on 
Illumination,  and  work  is  in  progress  with  England,  France,  and  Switzerland.  No  further 
change  can  be  made  in  the  Specifications  except  through  the  Sectional  Committee  of  the 
A.  E.  S.  C. 

SPECIFICATIONS   FOR   REAR   LAMPS 

As  noted  in  last  year's  report,  the  question  of  specifications  for 
tests  of  rear  lamps  had  been  taken  up  and  put  in  the  hands  of  a 
subcommittee  for  report  to  a  joint  meeting  of  this  Committee  and 
of  the  Lighting  Division  of  the  Society  of  Automotive  Engineers. 
This  subcommittee  made  its  report  in  December  of  last  year  and 
its  proposals  for  specifications  governing  the  acceptability  of  elec- 
tric tail  lamps  on  motor  vehicles  were  unanimously  adopted  at  a 
joint  meeting  of  the  Committee  on  Motor  Vehicle  Lighting  of  the 
Society  with  the  Lighting  Division  of  the  Standards  Committee  of 
the  Society  of  Automotive  Engineers.  These  specifications  were 
approved  by  the  I.  E.  S.  Council  on  January  i8th,  1923.  They 
will  be  found  on  page  208,  Volume  XVHI,  Transactions,  I.E.  S., 
February,  1923. 

The  considerations  which  led  to  the  adoption  of  these  sf>ecifica- 
tions  have  been  well  set  forth  by  Mr.  G.  H.  Sticknoy,  who,  as  Vice- 
Chairman  of  the  Committee  on  Motor  Vehicle  Lighting,  very  ably 

*A  Report  prcMontod  beforr  the  Annual  Convention  of  the  lIliimiimtinK  lOnjcinerrinx 
Society,  I-iiki*  (Joorgc,  N.  V.,  Sep(cml»rr  J4-J8,  lyjj. 

The  IllununutinK  EnKineeriiiK  Society  in  not  rcAiionitiblc  for  tlie  Ntivtetnentjt  or  opinion* 
advunoed  by  cuntributotH. 
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conducted  the  operations  which  led  up  to  the  framing  and  adop- 
tion of  the  specifications.  Mr.  Stickney's  exposition  of  the  matter 
is  in  the  form  of  an  editorial.* 

ADOPTION  BY  AMERICAN  ENGINEERING  STANDARDS   COMMITTEE 

At  the  time  of  the  last  report,  the  matter  of  the  adoption  of  the 
rules  governing  the  approval  of  headlighting  devices  for  motor 
vehicles  as  an  American  Standard  by  the  American  Engineering 
Standards  Committee  was  still  pending.  During  the  past  year  the 
American  Engineering  Standards  Committee  has  adopted  these 
rules  insofar  as  they  apply  to  tests  for  purpose  of  approval.  The 
Illuminating  Engineering  Society  and  the  Society  of  Automotive 
Engineers  have  been  appointed  joint  sponsors  in  the  matter  of  the 
revision  and  extension  of  these  rules.  The  first  duty  of  the  joint 
sponsors  is  to  select  a  Sectional  Committee  of  the  A.E.S.C.  for 
this  purpose,  and  this  matter,  which  is  one  requiring  considerable 
time  on  account  of  the  large  number  of  organizations  which  must  be 
communicated  with,  has  not  as  yet  been  completed,  but  is  under 
way.  The  headlight  testing  rules  therefore  have  now  the  added 
authority  and  prestige  which  accrues  from  their  adoption  by  the 
American  Engineering  Standards  Committee  as  a  tentative  Ameri- 
can Engineering  Standard. 

ACTION   OF    CONFERENCE   OF   MOTOR    VEHICLES   ADMINISTRATORS 

The  report  of  last  year  noted  that  the  headlight  specifications 
had  been  adopted  by  the  Conference  of  Motor  Vehicle  Adminis- 
trators as  their  standard  for  the  approval  of  headlighting  devices. 
This  Conference  is  now  composed  of  motor  vehicle  administrators, 
of  the  States  of  Maine,  New  Hampshire,  Vermont,  Massachusetts, 
Connecticut,  New  York,  New  Jersey,  Pennsylvania,  Maryland  and 
Ohio.  The  administrators  have  examined  the  list  of  approved  de- 
vices for  each  state  and  have  gone  over  the  reports  of  tests  of  each 
of  these  devices.  By  a  process  of  elimination,  and  by  the  aid  of 
auxiliary  tests,  they  have  been  able  to  ascertain  that  only  twenty- 
two  of  all  the  devices  which  have  formerly  been  approved  would 
meet  with  approval  under  the  standard  testing  specifications. 
They  have  therefore  put  out  this  list  of  twenty-two  devices  which 
are  approved  in  all  the  states  represented  at  the  Conference.  In 
general,  putting  out  this  list  has  not  involved  the  immediate  revoca- 

♦Stickney,  G.  H.,  "Tail  Lights  and  License  Plates  "  Trans.,  I.  E.  S.,  1923,  XVIII,  pp. 
111-113. 
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tion  of  approvals  previously  granted  in  the  individual  states,  so 
that  it  has  not  been  necessary  for  motorists  at  once  to  change  from 
a  headlighting  equipment  which  had  previously  been  approved  to 
one  of  the  restricted  list  of  the  administrators.  In  most  of  the 
states  the  old  approval  list  stands  for  a  while.  In  the  State  of  New 
Jersey,  however,  all  devices  not  approved  under  the  Conference 
list  have  already  been  ordered  discontinued  in  use.  The  following 
table  shows  something  of  the  status  year  by  year  of  the  number  of 
devices  which  had  been  approved  by  five  states  as  a  result  of  tests 
made  by  one  testing  organization. 


Number 

Number 

Number 

State 

191 8  Specifications 

1920  Specifications 

1922  Specifications 

Tested 

Approved 

Tested 

Approved 

Approved 

New  York 

86 

55 

55 

92 

22 

Pennsylvania 

107 

80 

8 

98 

22 

Connecticut 

68 

52 

9 

47 

22 

Maryland 

— 

— 

66 

57 

22 

Massachusetts 

(   Massachusetts  ^ 

58 

32 

22 

"     Spec 

ifications    I 

It  is  apparent  from  the  table  that  the  reduction  in  number  of 
approved  devices  is  a  very  radical  one.  It  should  be  said,  however, 
that  a  large  percentage  of  the  devices  which  have  failed  to  receive 
approval  under  the  standard  specifications  are  no  longer  commer- 
cial. Indeed  many  of  them  never  have  been  manufactured. 
In  a  number  of  important  cases  older  designs  of  standard  makes  of 
devices  have  been  discarded  in  favor  of  new  designs  which  will  con- 
form with  the  standard  specifications.  Reduction  of  the  list  to 
twenty-two  represents  a  very  thorough  housecleaning  on  the  part 
of  the  state  authorities  and  it  is  safe  to  say  that  no  device  is  found 
on  this  latest  approval  list  which  is  not  a  practical  and  meritorious 
one  from  the  standpoint  of  road  illumination  and  the  reduction  of 
glare. 

CALIFORNIA    LAW 

The  State  of  California  has  recently  revised  its  motor  vehicle 
legislation  and  has  changed  its  requirements  for  lieadliglits,  so  as 
to  bring  \\w\n  in  general  conformity  with  the  Standard  sj)ecifica- 
tions.  It  is  to  be  noted,  liowcver,  that  California  has  mad(^  in  two 
resfu'cts  variations  from  the  standard  wliicli  tlu*  ( 'onnnitttH^  cannot 
view  with  anything  but  regret.  Tin*  first  of  thes(*  variations  is 
changing  the  limils  at  the  (.'  i)()int;  namely,  one  degree  of  arc  above 
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the  center  of  the  lamps  and  directly  ahead,  from  a  maximum  of 
2400  cp.  and  a  minimum  of  800  cp.  to  a  maximum  of  1500  cp.  and  a 
minimum  of  500  cp.  Thus  the  glare  limit  at  this  point  is  lowered 
and  the  graduation  of  intensity  from  the  B  point  to  the  C  point  is 
made  more  abrupt.  This  change  may  not  be  a  disadvantageous  one 
in  itself.  However,  it  constitutes  a  variation  from  the  Standard 
specifications,  the  utility  of  which  is  not  obvious  and  the  results  of 
which,  from  the  point  of  view  of  interstate  uniformity,  cannot  well 
fail  to  be  unfortunate.  The  second  variation  is  with  respect  to  the 
size  of  incandescent  lamp  used  by  the  testing  agency  in  making  the 
laboratory  test.    The  California  law  reads: — 

"(d)  The  testing  agency  shall  conduct  an  exact  scientific  and 
laboratory  test  of  every  device  submitted  to  it  as  herein  provided 
using  twenty-one  standard  candlepower  lamp  or  bulb  or  thirty-two 
standard  candlepower  lamp  or  bulb,  or  any  standard  candlepower 
lamp  or  bulb  between  these  two  limits,  and  determine  whether  or 
not  the  device  will  conform  with  the  requirements  of  this  act  when 
used  in  accordance  with  instructions  of  the  testing  agency,  stating 
the  candlepower  lamp  or  bulb  and  any  particular  adjustments  to 
be  used  in  connection  with  such  device. 

This  procedure,  as  compared  with  the  simple  and  definite  pro- 
cedure laid  down  in  the  Standard  specifications,  calling  for  a  test 
with  a  2i-cp.  lamp  only,  is  manifestly  cumbersome,  and  seems 
quite  Ukely  to  lead  to  confusion.  The  leading  lamp  manufacturers 
of  this  country  do  not  at  the  present  time  list  any  standard  sizes 
of  headlighting  lamps  of  candlepower  intermediate  between  2 1  and 
32.  Even  the  32-cp.  lamp  is  not  considered  as  "standard."  What 
this  provision  therefore  says,  is,  that  if  a  device  can  be  approved 
with  a  2i-cp.  lamp  and  some  adjustment  which  the  ingenuity  of 
the  testing  authority  may  be  able  to  find,  it  may  be  approved  for 
use  with  a  2  i-cp.  lamp.  If,  on  the  other  hand,  the  device  will  meet 
the  specifications  with  a  32-cp.  lamp  and  soi:ne  particular  adjust- 
ment found  by  experiment,  it  may  be  used  with  a  32-cp.  lamp  and 
with  that  particular  adjustment.  It  seems  quite  probable  that 
devices  which  have  been  designed  to  meet  the  specifications  with  a 
2i-cp.  lamp  will  in  many  cases  not  meet  them  with  a  32-cp.  lamp 
on  account  of  the  slightly  different  dimensions  of  the  filament.  The 
obverse  of  this  may  also  be  true.  At  any  rate,  it  is  conceivable  that 
a  design  which  would  bring  the  device  within  the  specifications  with 
both  candlepowers,  would  be  a  compromise  which  would  not  be  so 
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good  as  a  design  made  for  either  one  candlepower  or  the  other 
alone.  Furthermore,  the  adjustment  required  with  a  lamp  of  one 
size  would  very  likely  not  be  the  same  as  that  required  with  the 
other  size.  Evidently  the  complexities  introduced  are  many,  and 
it  becomes  a  question  again  whether  the  advantages  which  will  ac- 
crue from  this  arrangement  will  compensate  for  such  complications 
and  for  the  disadvantages  arising  from  a  variation  from  uniformity. 

INTERNATIONAL  RELATIONSHIPS 

The  matter  of  the  control  of  automobile  headlighting  devices  is 
assuming  no  little  degree  of  international  importance.  The  problem 
which  we  have  in  this  country  exists  in  other  lands  as  well,  though 
probably  not  to  quite  the  same  extent  as  here,  because  of  the 
smaller  density  of  motor  vehicle  traffic  on  the  highways.  In  recogni- 
tion of  this  condition,  the  International  Commission  on  Illumina- 
tion, as  its  meeting  in  Paris,  in  192 1,  appointed  an  International 
Committee  to  consider  this  question.  The  membership  of  this 
Committee  has  been  filled  out,  and  is  now  as  follows:  R.  Bossu, 
France;  K.  Edgcumbe,  England;  M.  Payot,  Switzerland;  and 
C.  H.  Sharp,  United  States  (Chairman). 

The  Chairman  of  your  Committee  was  able  to  discuss  this 
problem  last  winter  with  M.  Tur  of  the  Department  of  Public 
Works  of  France,  and  with  Sir  Henry  May  bury  of  the  Department 
of  Transport  of  Great  Britain.  The  exchange  of  views  with  these 
officials  was  most  helpful,  and  an  opportunity  was  afforded  to  ex- 
plain to  them  what  has  been  done  under  the  auspices  of  the  Illum- 
inating Engineering  Society  in  this  country.  The  Chairman  also 
had  a  conference  with  Major  Edgcumbe  of  the  International  Com- 
mittee on  these  matters.  These  various  gentlemen  expressed  in- 
terest in  what  was  going  on  in  this  country,  and  as  a  result  of  these 
conferences,  samples  of  American  front  glasses  for  headlights,  such 
as  are  approved  here,  together  with  test  data  under  the  l.lvS. 
spc^cifications  for  these  glassc^s  have  been  forwarded  to  the  members 
of  the  International  Committee  of  the  I.C.I.  These  front  glasses 
are  now  in  the  hands  of  these  gentlemen  in  England,  France  and 
Switzerland,  all  of  whom  have  promised  to  examine  them  carefully, 
and  to  use  them  on  cars  in  an  endeavor  to  obtain  a  concrete  idea 
of  the  kind  of  motor  vehicle  headlighting  which  we  in  AnKTica  con- 
sider to  be  best,  adapted  to  public  convenience  and  safety,  in  the 
present  state  of  the  art.     It  is  to  be  hoped  that  further  conferences 
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between  members  of  the  Committee  of  the  I.C.I,  may  prove  fruitful 
toward  bringing  about  a  more  complete  understanding  of  the 
problem,  for  it  must  be  remembered  that  there  are  differences  in 
conditions  and  differences  in  practice  in  automobile  driving  in 
different  countries  which  may  have  the  result  that  what  is  best 
here  may  not  be  best  elsewhere.  At  any  rate,  an  earnest  attempt 
is  being  made  toward  securing  an  international  understanding  on 
this  important  question. 

FUTURE   WORK 

With  regard  to  the  work  of  the  Committee  for  the  following 
year,  it  is  to  be  observed  that  the  standards  have  now  reached  a 
point  where  they  cannot  be  revised  except  by  action  of  the  Sectional 
Committee  of  the  A.E.S.C.  Evidently  no  revision  can  or  should  be 
attempted  unless  there  is  a  very  well  marked  reason  for  it.  The 
working  out  of  the  problems  of  application  of  these  rules  and  the 
enforcement  of  the  laws  is  the  main  thing  for  the  future  At  the 
same  time  there  is  a  necessity  for  the  existence  of  a  technical  com- 
mittee of  the  Society  to  cover  this  matter.  The  art  is  an  advancing 
one  and  new  ideas  and  new  devices  are  constantly  being  put  for- 
ward and  no  one  can  say  when  a  more  or  less  radical  alteration  of 
our  notions  on  the  matter  may  be  called  for.  Furthermore,  the 
movement  toward  the  general  illumination  of  the  highways  by 
fixed  lamps  may  well  lead  to  conditions  which  will  require  the  co- 
ordination of  motor  vehicle  lighting  and  street  lighting,  and  this 
may  become  a  profitable  field  for  the  activities  of  a  technical  com- 
mittee. 

Therefore,  while  it  may  be  said  that  the  Committee  on  Motor" 
Vehicle  Lighting  has  for  the  present  completed  one  stage  of  its 
work,  yet  its  opportunities  for  usefulness  are  by  no  means  closed. 
Respectfully  submitted. 

Committee  on  Motor  Vehicle  Lighting, 
Clayton  H.  Sharp,  Chairman 
G.  H.  Stickney,  V ice-Chairman 
F.  C.  Caldwell  W.  F.  Little 

A.  W.  Devine  W.  A.  McKay 

C.  E.  Godley  A.  L.  McMurtry 

C.  A.  B.  Halvorson  H.  H.  Magdsick 

J.  A.  Hoeveler  L.  C.  Porter 

L.  E.  Voyer 
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DISCUSSION 

Chairman  Wm.  J.  Drisko:  I  know  there  are  a  great  man}- 
present  who  have  very  positive  ideas  about  this  matter  of  heading 
and  it  seems  to  me  we  ought  to  have  a  very  free  discussion.  A 
lot  of  the  questions  which  have  arisen  are  suggested  in  Dr.  Sharp's 
report:  the  question  of  what  relation  between  street  lighting  and 
automobile  headhghting  should  prevail  in  our  larger  cities.  The 
question  of  the  uniformity  of  standards  as  set  forth  seems  to  be 
pretty  well  agreed  upon;  that  is,  the  various  Societies  are  all  in 
practical  agreement.  I  may  say,  I  think,  they  are  all  in  legal 
agreement;  in  minor  details,  they  differ. 

There  are  other  questions,  however,  than  the  questions  of 
simply  laboratory  testing.  My  attention  was  recently  called  to  a 
difference  of  something  like  50  per  cent  between  the  test  of  one 
particular  point  in  a  particular  lens  by  two  different  authorities. 
It  sounded  to  the  individual  as  though  it  were  a  terrible  discrep- 
ancy. The  public  needs  educating.  That  is,  perhaps,  the  real 
question. 

E.  L.  Elliott:  The  Chairman  of  the  Committee  I  think  very 
rightly  said  that  there  is  a  lot  yet  to  be  done  before  the  subject  is 
finished.  So  far  as  the  menace  of  an  automobile  headlight  is 
concerned,  all  attempts  to  remove  it  with  a  fixed  lens  are  of  little 
avail.  A  lens  can  do  two  things :  it  can  throw  the  light  down,  which 
can  be  done  by  tilting  the  headlight;  and  it  can  widen  the  beam 
sidcwise.  Distributing  a  light  sidewise  is  useful  when  you  have 
the  road  to  yourself;  but  when  you  meet  a  passing  automobile, 
which  is  the  occasion  of  most  of  the  accidi^nts,  just  at  the  point 
where  you  want  to  see  the  clearest  the  si(l(^  Hght  from  the  ai)|)roa('h- 
ing  car  is  in  your  eyes.    A  worse  thing  could  hardly  \)v  done. 

Legislation  that  goes  no  further  than  giviTig  a  list  of  approvcnl 
lenses  or  reflectors  which  may  he  us(>(l  on  IixcmI  lu^adlights  will 
never  remove,  nor  very  materially  reduci*  the  dang(M-s  of  night 
driving.  The  mechanieal  and  physical  difficult  i(»s  of  the  iiroblem 
are  by  no  means  unsuperable;  the  most  serious  ohstach^  at  presc^it 
is  the  education  of  legislative  bodies  to  an  appreciation  of  the 
fact  that  the  menace  of  the  headlight  can  \)v  renioN'ed  only  l\v 
put  I  ing  it  u  IK  lei"  t  he  eonslant  eont  lol  of  t  he  (hivei'.  So  1  sa\'  again, 
tliat.  Dr.  Shar|)'s  |)oin1  that  there  is  much  inoi-e  work  to  he  done 
is  verv  well  taken. 
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Max  Poser:  For  a  good  many  years  I  have  been  stud3dng 
dangerous  glaring  of  automobile  headlight  lamps.  Mr.  Elliott  is 
quite  right  in  saying  that  one  meets  on  the  road  frequently,  danger- 
ous glaring  headlights,  even  reflecting  glaring  rays  sideways  and  it 
seems  that  this  sort  of  thing  is  going  on  unchallenged,  which  must 
make  the  automobile  headlight  lamp  law  appear  as  a  farce. 

Such  glaring  rays  of  headlight  lamps  however,  would  not  be 
met  with  if  the  entire  lamp  adjustments  were  carried  out  strictly 
within  the  boundary  of  the  headlight  lamp  law  and  I  defy  Mr. 
Elliott  to  show  me  dangerous  glare  with  an  automobile  headlight 
lamp  adjusted  in  the  proper  manner  as  defined  by  the  law. 

According  to  my  observation,  this  whole  thing  is  largely  a 
question  of  enforcing  the  law  and  demand  correct  construction 
and  adjustment  of  the  entire  automobile  headlight  lamp. 

It  is  a  well-known  fact  that  if  direct  emanating  light  is  not 
permitted  to  enter  our  eyes,  there  is  no  dangerous  glare.  The  law 
of  course,  cannot  prevent  dangerous  glare,  if  the  people  using 
headlight  lenses  on  their  lamps  indiscriminately  do  not  pay  at- 
tention to  the  law  and  this  is  the  very  trouble  we  are  up  against. 

I  experimented  with  a  hundred  candlepower  lamp  with  the 
rays  optically  guided  in  the  proper  manner,  in  order  to  meet  law 
conditions  and  no  dangerous  glare  whatsoever  was  experienced. 
We  have  a  headlight  lamp  law,  but  chiefly  scrutinize  headhght 
lamp  lenses,  and  since  the  lens  being  only  a  part  of  the  entire 
headlight  lamp,  cannot  give  entire  satisfaction  in  general,  if  the 
reflector  and  entire  lamp  construction  is  faulty.  It  seems  evident 
that  the  construction  of  the  entire  headlight  lamp  should  be  con- 
sidered. By  this  I  mean  to  say  that  an  automobile  headlight  lamp 
lens  may  furnish  excellent  results  with  a  properly  constructed  re- 
flector and  lamp  casing,  while  that  same  lens  may  be  quite  inferior 
with  a  poorly  constructed  reflector  and  lamp  casing. 

It  stands  to  reason  that  the  construction  of  the  entire  automo- 
bile headlight  lamp  should  be  subject  to  the  automobile  headlight 
law ;  otherwise  I  do  not  think  that  the  results  aimed  at  by  the  law, 
will  be  achieved. 

What  is  the  use  of  mounting  a  carefully  designed  automobile 
headlight  lens  to  a  shaky  lamp  body,  flimsy  in  construction,  owing 
to  the  price  of  such  lamps  being  forced  down  for  commercial 
competitive  reasons,  to  a  value  of  about  $2.60?    No  reliable  maker 
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could  produce  automobile  headlight  lamps,  efficiently  constructed 
and  provided  with  the  proper  focusing  and  centering  adjustment 
of  the  lamp  bulbs,  with  first-class  reflector  and  optical  device, 
essential  to  meet  the  condition  of  the  law,  at  such  a  low  price? 

I  have  seen  automobile  headlight  lamps  fitted  with  the  best 
optical  device,  properly  adjusted,  after  ha\4ng  gone  only  a  short 
distance  over  a  bumpy  road,  getting  completely  out  of  adjust- 
ment, owing  to  the  loosely-fitted  reflector  and  lamp  socket,  and 
which,  through  the  slightest  jerk,  get  out  of  alignment. 

If  this  sort  of  thing  is  permitted  to  pass,  no  careful  setting  and 
adjustment  of  the  lamps  can  be  considered  secure  and  consequently, 
the  Law  is  bound  to  be  infringed.  For  that  same  reason,  it  is  very 
inadvisable  to  issue  certificates  for  headlight  lamp  adjustments  for 
lamps  constructed  in  such  poor  manner. 

Imagine  a  person  having  obtained  a  certificate  for  his  automo- 
bile headHght  lamps,  but  the  lamp  bodies  being  of  a  poor  construc- 
tion as  mentioned,  got  out  of  adjustment  the  very  moment  he 
passed  over  a  rough  road.  He  is  afterwards  questioned  by  an 
inspector  as  to  his  glaring  lights  and  of  course,  will  present  his 
certificate,  very  likely  feeling  most  indignant  at  being  stopped. 
The  inspector  also  will  be  puzzled  and  both  parties,  to  say  the 
least,  may  have  an  argument. 

To  sum  up  the  matter  in  brief,  it  amounts  to  this:  To  establish 
a  non-glare  light  emanating  from  an  automobile  headlight  lamp 
for  road  illumination  at  night,  it  is  essential  to  have  the  entire 
automobile  headlight  lamp  construction  specified  in  detail  and  to 
permit  only  such  designs  which  warrant  the  possibility  of  furnish- 
ing the  desired  road  illumination. 

Everybody  involved  in  this  question  should  agree  to  such 
specifications  and  the  cost  involved  of  a  headlij^ht  lamp  of  this 
kind  should  be  a  secondary  consideration.  A  specification  of  \\w 
entire  automobile  headlight  lainj)  should  be  controlled  by  the 
autoinobik^  lu^adlighi  lamp  Law  wlu^n  we  will  get  a  great  step 
furth(!r  towards  ideal  road  illumination  than  we  can  boast  of  to-day. 

It  is  to  be  regrett(Mi  that  sound  and  efficient  headlight  lamp 
constnictions  aic  often  rejected  on  account  of  tlu^  cost,  since 
headlight  lamps  arc  merely  considenMl  as  an  ordinary  |)art  of  th(> 
car.  Higltt  Iktc  a  gr(»at  deal  of  (Mlucation  is  rcu^uired,  so  that 
motorists  will  ol)serve  and  considc!-  that   it   is  more  iinj)ortant   to 
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have  efficient  automobile  headlight  lamps  than  all  kinds  of  fancy 
and  expensive  accessories  on  their  cars  of  much  less  importance. 
Nothing  is  too  expensive  to  save  human  lives  and  that  is  what  the 
whole  affair  really  amounts  to. 

It  seems  to  me  that  the  authorities  should  insist  upon  the  auto- 
mobile headlight  lamp  in  its  entirety  being  subject  to  the  Law,  so 
that  the  tests  could  be  made  for  the  entire  equipment  and  not 
only  the  lens  alone. 

Flimsy  and  unreliable  constructions  as  we  meet  them  in  numer- 
ous cases  today,  will  then  be  a  thing  of  the  past  and  a  great  ob- 
stacle to  establish  safe  travelling  at  night  overcome. 

L.  C.  Porter:  I  have  been  studying  this  headlight  problem  for 
a  number  of  years,  and  have  had  the  pleasure  and  privilege  of 
working  with  Dr.  Sharp  on  the  Headlight  Committee.  It  seems 
to  me  the  work  has  about  reached  the  point  where  it  should  take 
a  little  different  line.  What  I  mean  is  this:  a  few  years  ago  we 
didn't  know  very  much  about  headlights.  We  didn't  know  how 
to  control  the  light;  we  didn't  know  what  was  good  light.  We 
didn't  know  where  to  put  the  light  to  secure  good  driving  condi- 
tions and  to  reduce  glare. 

A  great  deal  of  study  has  been  put  into  that  end  of  the  problem 
and  the  technical  men  have  found  out  what  constitutes  good 
lighting.  Furthermore,  they  have  found  out  how  to  secure  and 
use  it  and  a  number  of  technical  papers  have  been  written  about 
it.  Data  on  this  subject  has  been  presented  to  technical  societies, 
and  a  number  of  instruction  sheets  have  been  gotten  up  to  go" 
with  headlight  equipment,  telling  how  to  adjust  it  and  so  forth 
and  so  on. 

But  now  that  we  have  all  that  information  I  think  we  have 
reached  the  point  where  what  we  really  need  is  more  popular 
publicity  on  the  thing.  The  public  today  does  not  know  how  to 
handle  the  equipment  that  is  available.  These  technical  instruc- 
tion sheets  are  pretty  hard  to  follow  and  they  haven't  been  given 
general  distribution. 

I  have  been  making  a  little  investigation  among  our  own  men 
at  the  factory  and  none  of  them  ever  found  out  how  to  focus  a 
headlight.  Some  of  them  after  they  had  been  told  how  to  do  it 
and  tried  to  follow  the  technical  instruction  sheets  came  back  to 
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me  and  said,  ''Maybe  my  headlight  has  a  focusing  device  on  it 
but  I  can't  find  it,"  or  they  told  me,  "I  had  to  get  a  big  Stillson 
wrench  and  bend  the  brackets." 

The  motoring  pubHc  can't  do  that  and  they  are  not  going  to 
do  it  if  they  could.  Even  should  they  get  it  done,  as  Dr.  Poser 
pointed  out,  the  present  equipment  is  not  going  to  stay  in  adjust- 
ment.   It  is  not  good  equipment. 

I  think  the  two  things  which  are  most  needed  are  improve- 
ment in  the  mechanics  of  present  headlight  equipment,  not  only 
to  make  better  equipment,  more  rigid  equipment  and  more 
accurate  equipment,  but  also  equipment  which  is  easy  to  handle 
and  easy  to  get  at.  We  ought  to  have  headHghts  on  which  the 
focusing  device  can  be  operated  by  hand  without  having  to 
resort  to  the  use  of  tools,  and  we  ought  to  have  devices  on  which 
we  can  easily  open  the  headUghts  to  change  the  lamps  and  clean 
the  reflectors,  etc. 

Today  you  cannot  do  that,  and  I  think  it  is  largely  a  question 
of  cost  competition.  Instead  of  having  a  nice  hinge  on  the  door 
to  open  it,  they  punch  a  little  bayonet  joint  on  the  thing  and  snap 
it  in,  and  maybe  it  stays  there,  and  maybe  it  doesn't.  Probably 
it  gets  rusted  and  then  requires  a  mechanic  and  tools  to  get  it  off. 

The  reflectors  which  are  in  use  in  a  great  many  cases  are  not 
accurate  and  where  that  is  the  case  it  is  absolutely  impossible  to 
get  good  focusing  on  your  headlights.  If  you  follow  your  technical 
instructions,  you  cannot  get  the  results  because  the  equipment 
isn't  right. 

So,  I  say,  it  seems  to  me  we  have  passed  the  investigating 
stage — you  might  say  the  technical  stage — and  what  we  really 
need  now  is  to  get  after  the  manufacturei*s  to  make  better  equip- 
ment then  teach  the  public  how  to  use  it. 

The  incandescent  lamp  manufacturers  are  making  vimt  rapid 
progress  along  that  line.  For  a  considerable  time  they  were 
passing  t  he  buck  back  and  forth  with  the  brass  lamp  manufacturers. 
The  brass  lamp  fellows  would  say,  ''What  is  the  use  of  our  making 
accurate  equipment  when  your  lamps  vary  in  light  center  U>ngth 
and  axial  alignment. 

The  incandescent  lamp  Hallows  woiild  come  hack  and  say, 
"Well,  your  reflectors  aren't  true,  your  sockets  wobble,  and  it  is 
no  use  making  any  mor(^  accurate  lamps." 
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But  the  lamp  manufacturers  have  taken  the  initiative  and  they 
are  putting  out  lamps  today  which  are  really  good.  They  are 
putting  out  lamps  in  which  the  filaments  come  within  plus  or 
minus  three  sixty-fourths  of  an  inch,  and  that  is  close  enough  if 
you  get  good  equipment  to  go  with  it.  When  you  start  talking 
about  one  sixty-fourth  of  an  inch  or  a  half  of  a  sixty-fourth  of  an 
inch,  you  are  getting  down  to  a  point  where  the  refinement  is  not 
practical.  I  have  had  some  of  my  fellows  trying  to  find  out  what 
one  sixty-fourth  of  an  inch  variation  in  light  center  length  would 
do  to  a  headUght  beam  or  even  a  half  of  a  sixty-fourth  and  they 
have  had  to  use  micrometer  equipment  to  get  those  adjustments 
and  to  measure  the  effects. 

I  have  seen  a  number  of  demonstrations  recently  of  what 
these  variations  mean,  and  to  demonstrate  it  the  fellows  have  had 
to  make  up  really  very  expensive  special  apparatus,  and  they  have 
had  to  have  three  or  four  fellows  working  with  it  weeks  before  they 
could  get  it  into  condition  to  demonstrate. 

If  the  technical  men — the  engineers — have  that  trouble,  what 
is  the  poor  pubUc  going  to  do  who  haven't  any  tools  and  don't 
know  how  to  do  it?  So  I  say  again,  I  think  the  next  step  should 
be  to  get  the  manufacturers  to  put  out  more  accurate,  simple  and 
more  rugged  equipment  and  then  to  give  popular  publicity  to  the 
methods  of  using  that  equipment.  I  think  we  ought  to  have  some 
motion  picture  films  on  the  subject,  perhaps  a  little  comedy  or  a 
little  tragedy,  or  something  that  will  put  it  before  the  general 
public.  We  ought  to  get  a  story  into  the  Saturday  Evening  Post, 
or  something  of  that  sort,  because  the  technical  literature  does 
not  reach  the  general  motoring  public.    Thank  you.    (Applause) 

E.  C.  Crittenden:  There  are  a  number  of  points  I  would  like 
to  mention,  with  particular  reference  to  an  attempt  which  the 
Bureau  of  Standards  is  making  to  meet  some  of  the  needs  which 
have  been  well  set  forth  in  this  report  and  its  discussion. 

In  the  first  place,  regulation  of  headhghts  by  law  has  been 
tried  long  enough  to  show  that  it  can  not  give  satisfactory  results 
and  we  ought  now,  as  Mr.  Porter  says,  to  follow  a  different  tack. 
With  reference  to  the  suggestion  which  has  been  made  that  there 
ought  to  be  a  federal  law,  I  am  afraid  there  is  a  tendency  to  think 
that  any  problem  which  is  too  stiff  for  local  officers  or  states  to 
handle  can  be  settled  by  having  Congress  pass  a  law.     That 
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certainly  isn't  the  way  to  get  at  this  question.  As  Dr.  Sharp  has 
said  in  the  report,  the  working  out  of  the  appHeation  of  these 
specifications  is  the  thing  which  is  needed  now.  The  problem  is 
how  are  you  going  to  apply  them  in  actual  practice. 

Perhaps  most  of  you  are  aware  that  the  Bureau  of  Standards 
has  no  legal  authority  in  practically  any  field  and  doesn't  seek 
such  authority,  but  in  many  fields  we  have  occasion  to  serve  as 
a  means  of  getting  together  the  officers  of  various  states  and  of 
transmitting  information  from  one  state  to  another,  because  re- 
quests come  to  us  from  state  officials  for  help  in  meeting  their 
problems.  There  have  been  so  many  such  inquiries,  so  many 
urgent  calls  for  help  in  this  lighting  problem,  that  we  have  felt 
compelled  to  divert  to  it  some  resources  we  have  needed  elsewhere. 

We  have  tried  to  assist  for  some  years  past  in  the  work  of  this 
Committee  and  have  felt  that  its  experimental  way  of  going  at 
the  problem  was  the  very  best  thing  that  could  be  done.  Perhaps 
Mr.  Elliott  in  his  remarks  has  overlooked  the  early  history  of  the 
work  of  the  Committee,  which  may  well  be  recalled.  These 
numbers  in  the  specifications  were  not  made  up  by  anybody  sitting 
down  at  a  desk  and  figuring  them  out,  but  by  actually  getting  out 
on  the  road  and  trying  different  lighting  conditions.  They  are  the 
result  of  thousands  of  observations  by  many  men  including  not 
merely  illuminating  engineers  but  also  many  other  experienced 
drivers.  The  requirements  of  the  specifications  were  drawn  up 
with  a  full  rcahzation  of  the  difficulties  to  be  met  and  also  with 
considerable  knowledge  of  the  possibilities  in  the  material  that 
was  available.  At  the  Bureau  we  have  felt  that  this  experimental 
way  of  determining  what  you  ought  to  do  and  what  you  can  do 
was  the  best  plan  that  any  organization  could  follow  and  we  have 
felt  that  there  was  no  use  of  duplicating  this  work. 

It  has  seemed  to  us  that  the  best  thing  to  do  is  to  take  those 
specifications  as  they  now  exist,  especially  since  thov  have  fur- 
nished the  basis  on  whidi  such  an  excellent  beginning  has  been 
made  in  cooperation  among  the  different  states.  We  should  now 
try  to  get  the  intent  of  the  specifications  actually  into  efTect  by 
following  up  th(!  use  of  the  ai)prove(l  devices  which  we  know  arc 
capabh?  of  giving  good  n^sults. 

As  a  beginning  on  that,  wo  sot  up  a  simple^  t(^sting  station  with 
canvjiH  sheets  for  ()l)sorving  the  bojuns  given  liy  h(\i(llights,  and 
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invited  those  drivers  in  our  own  city — Washington — who  chose 
to  stop  in,  to  do  so  during  a  certain  week.  SHghtly  over  400  cars 
came  in  for  inspection.  A  considerable  proportion  of  these  be- 
longed to  members  of  the  Bureau  staff  men,  who  are  probably 
above  the  average  not  merely  in  their  interest  in  the  subject,  but 
in  their  technical  education,  men  who  ought  to  have  known  better 
than  the  general  public  how  to  adjust  their  lamps. 

I  will  not  trouble  you  with  the  statistics  showing  the  results 
of  these  tests,  since  they  have  been  published  in  various  articles. 
The  outstanding  fact  is  that  of  the  400  cars  about  22  had  their 
lights  in  really  good  condition.  Of  course  many  others  were 
passable,  but  certainly  75  per  cent  of  the  cars  had  their  head- 
lamps in  very  poor  adjustment.  A  large  proportion  of  them  had 
lenses  which  were  on  the  approved  list,  but  having  good  lenses 
doesn't  give  you  approved  adjustment — we  will  all  grant  that. 
This  test  was  run,  incidentally,  to  show  our  own  Police  Depart- 
ment and  the  motor  associations  that  the  use  of  the  approved 
devices  was  only  a  first  step,  that  something  more  had  to  be  done. 

With  this  small  collection  of  cars  as  an  example  we  took  the 
matter  up  with  several  groups  of  people:  the  manufacturers  of 
cars,  the  dealers — in  our  own  locality  at  first — and  with  the  two 
national  associations,  the  National  Motorists  and  the  American 
Automobile  Association.  Fortunately,  from  those  two  organiza- 
tions we  have  gotten  very  active  cooperation.  As  a  ,'sult  we  got 
through  them  the  thing  that  I  think  is  really  need.  that  is,  some 
incentive  for  the  service  stations  and  the  dealers  jO  see  that  cars 
are  put  out  in  good  condition  and  kept  in  good  condition  so  far  as 
the  lighting  is  concerned. 

Undoubtedly,  a  first  step  in  that  direction  ought  to  be  for  car 
makers  to  put  on  better  equipment,  to  put  more  money  into  light- 
ing equipment.  We  haven't  felt  we  could  say  they  should  do 
that,  but  we  have  urged  them  to  put  out  the  equipment  that  they 
do  use  in  reasonably  good  condition,  and  to  provide  adequate 
instructions  for  its  maintenance  in  good  adjustment. 

Arrangements  for  maintenance  and  inspection  service  can 
probably  best  be  made  through  motorists  organizations.  In  our 
case  the  local  organization  of  the  National  Motorists  Association 
arranged  with  about  20  garages  to  put  in  these  simple  testing 
stations,  and  to  give  such  service  to  any  of  their  members  without 
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charge.  Furthermore,  this  has  worked  out  so  well  in  Washington 
that  the  Association  is  suggesting  to  all  their  other  local  clubs  the 
operation  of  a  similar  plan.  Likewise,  the  American  Automobile 
Association  is  getting  out  a  booklet  which  they  are  sending  to  all 
their  branches,  urging  that  they  establish  these  adjusting  stations. 

We  hope  that  at  least  a  fair  percentage  of  car  owners  will  be 
able  by  such  means  to  keep  more  of  a  check  on  their  own  cars, 
and  especially  that  service  stations  and  sales  stations  will  be 
made  to  reaHze  the  importance  of  giving  such  service.  We  beheve 
that  this  matter  of  impressing  upon  the  people  who  furnish  cars 
and  who  service  them  the  necessity  for  giving  attention  to  head- 
lamps is  the  first  step,  and  that  the  other  one  of  education  of 
drivers  themselves  to  the  need  for  such  adjustment  is  supple- 
mentary. 

In  this  work  we  have  felt  that  there  is  an  opportunity  for  our 
organization  to  put  into  actual  application  the  very  valuable 
results  gained  by  this  Society.  We  realize  it  isn't  going  to  be  a 
perfect  solution  of  the  problem,  but  it  ought  to  help  some,  and 
we  hope  to  do  our  bit  in  keeping  the  movement  under  way. 

D.  H.  Tuck  (communicated):  I  believe  that  the  practical 
application  of  the  committee's  work  now  consists  of  teaching  the 
motorist  how  to  drive  at  night.  In  the  first  place,  it  is  against 
the  law  (except  in  Ohio),  to  dim  the  headlights  when  approaching 
another  motorist  (or  at  any  time  while  driving).  It  is  at  this 
(•ritical  moment  that  the  maximum  road  illumination  is  required 
to  prevent  running  down  a  pedestrian  walking  along  the  side  of 
the  road  and  to  prevent  accidents  due  to  rinming  off  the  road. 

In  the  second  plac(»,  it  is  not  necessary  for  a  driver  to  watch 
the  head  lamps  of  the  approaching  motorist.  Watch  the  right 
edge  of  the  road  and  don't  l)other  a))out  the  approaching  motorist. 

I  l)elieve  that  if  eff(;ctivc  pu])licity  were  given  these  two  points, 
—''Don't  dim",— "Don't  watch  the  head  lamps",  that  niglit 
driving  would  automatically  become  more  safe  and  pleasant  to  all. 
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The  seventeenth  fiscal  year  of  the  Society  terminating  October 
1, 1923  constituted  a  very  important  period,  inasmuch  as  a  decided 
upward  trend  has  been  developed  and  the  items  of  finance,  mem- 
bership, sectional  development,  publications,  and  authoritative 
recognition  have  all  advanced  to  a  notably  higher  plane.  Coin- 
cident with  the  growth  of  the  electrical  industry,  the  status  and 
solidarity  of  the  Society  ought  to  improve,  following  the  same 
upward  trend  until  many  additional  activities  and  much  more 
valuable  work  can  be  looked  forward  to  when,  one  or  two  years 
hence,  the  financial  surplus  and  the  enthusiastic  members'  sup- 
port make  possible  the  enlargement  of  the  general  activities.  The 
encouragement  and  support  of  all  Society  officers  directed  to- 
wards the  general  executive  office  has  been  exceedingly  gratifying 
and  the  successful  furthering  of  the  Society's  established  policies 
has  indicated  the  wisdom  of  continuing  the  general  operations 
with  perhaps  only  minor  changes,  along  the  lines  laid  down  in 
previous  years. 

THE  COUNCIL 

The  regular  monthly  meetings  of  the  Council  have  been  held " 
with  the  exception  of  July  and  August  when  the  Executive  Com- 
mittee, being  so  empowered,  enacted  the  necessary  routine  busi- 
ness. The  members  of  the  Council  have  individually  expressed  a 
keen  interest  in  the  Society's  affairs  and,  both  socially  and  in  a 
business  way,  have  profited  by  these  Council  meetings  just  as 
the  membership  at  large  have  profited  by  the  careful  consideration 
and  the  sacrifice  of  personal  interest  that  Council  members  have 
manifested  in  order  to  advance  the  Society's  affairs.  The  Society's 
president  has  personally  supervised  the  year's  activities  and  at- 
tended all  Council  meetings,  while  many  other  Council  members 
have  likewise  praiseworthy  attendance  records.     The  Assistant 
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Secretary  and  the  central  office  staff  are  responsible  for  much  of 
the  progress  in  simphfication  of  routine  and  the  reduction  of 
expenses.  Changes  of  personnel  but  not  in  numbers  of  persons 
have  been  made. 

MEMBERSHIP 

Considering  the  four  divisions  of  the  Society's  membership 
exclusive  of  honorary  members,  there  remain  the  divisions  of 
members,  associate  members,  sustaining  members,  and  student 
members.  No  activities  have  been  undertaken  in  connection 
with  the  last  classification,  but  in  regard  to  the  other  divisions, 
the  following  facts  are  of  interest : 

Sustaining  Members 

Organizations  and  business  concerns  to  the  number  of  113  now 
contribute  sums  ranging  from  $25  to  $300  towards  the  general 
support  of  the  Society's  work.  As  of  September  30th,  1923, 
revenue  from  this  class  was  $6680.00  paid  in,  with  a  probable 
further  amount  of  unpaid  dues  of  about  S3 50.00.  The  correspond- 
ing figures  for  last  year  show  80  sustaining  members  with  collections 
slightly  in  excess  of  $6,580.  The  increase  in  revenue  from  this 
source  during  the  past  fiscal  year  is  $450,  or  about  7  per  cent 
increase.  This  sustaining  membership  represents  about  30  per 
cent  of  the  total  revenue  accniing  to  the  Society.  The  increase, 
notable  in  numbers  of  Sustaining  Member  Companies  more  than 
in  total  revenue,  is  gratifying  particularly  in  the  New  England 
territory,  and  if  extended  to  other  territories,  will  firmly  establish 
the  Society  on  a  financial  basis  whcrofrom  it  can  and  should  give 
more  concrete  help  in  the  way  of  disseminating  useful  information 
to  these  sustaining  members. 

Members 

The  number  of  mem])ers  at  the  end  of  this  fiscal  year  wa.s  395 
as  compared  with  384  of  last  year.  The  revenue  derived  this 
year  was  about  $5,795  as  against  $5,732  of  last  year,  with  a  prob- 
abiUty  of  a  slight  increiuse  from  a  few  (K^liiH^uent  dues.  The 
net  gain  in  this  income  was  $63.  'I'lie  pcTcentngc*  net.  increase  in 
members  was  3%.  From  this  source  is,  th(M(>f()r(\  derived  about 
25  percent  of  the  total  revenue  and  it  can  lu^  assuiiKMl  that  these 
figures  will  uoi  radically  change  within  the  lu^xt  year. 
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Associate  Members 

From  this  source  is  derived  about  28  per  cent  of  our  revenue. 
The  number  of  associate  members  this  year  is  931  as  compared 
with  810  of  last  year,  and  799  of  the  year  previous.  There  was 
a  net  gain  of  121  members  representing  about  a  15  per  cent  in- 
crease. The  revenue  derived  this  year  was  approximately  $6,648  as 
against  $5,700  of  last  year,  or  a  net  gain  in  revenue  of  more  than 
16  per  cent.  It  will  be  evident  that  the  tendency  is  towards  a 
growth  in  associate  membership  and  that  this  growth  is  quite 
healthy  and  quite  appreciable.  The  net  increase  mentioned  does 
not  express  the  entire  facts  inasmuch  as  a  rather  thorough  elim- 
ination of  delinquent  members  was  necessary  and  the  membership 
list  put  on  a  much  better  basis  by  the  resignation  of  disinterested 
persons. 

Further  details  of  membership  classification  can  be  obtained 
from  the  printed  list  of  Society  membership  issued  during  the 
year,  and  from  the  accompanying  charts. 

LOCAL  REPRESENTATIVES 

The  local  representatives  of  the  Society  now  number  34, 
practically  the  same  as  last  year,  and  are  distributed  among  the 
various  states  chiefly  where  sections  and  chapters  are  not  located, 
as  well  as  in  Canada  and  South  Africa.  These  representatives 
are  to  be  encouraged  in  their  activities,  as  being  the  nuclei  of 
chaptei's  and  the  lieutenants  of  the  chairman  of  the  Membership 
Committee.  It  is  urged  that  such  local  representation  be  developed 
next  year  and  that  by  correspondence  and  otherwise,  these  repre- 
sentatives be  connected  more  closely  with  the  executive  office  and 
with  the  various  committee  chairmen. 
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TABLE  I 

Honorary 

Sustaining 

Class  of  memberships 

members 

Members 

Associates 

Total 

members 

Membership  Oct.  i,  i 

921 

2 

384 

799 

II83 

87 

Additions 

Transferred 

3 

4 

New  members  qualified 

34 

137 

4 

Re-elected 

3 

I 

Re-instated 

5 

8 

Sub-total 

45 

150 

Deductions 

Deceased 

3 

5 

Resigned 

20 

47 

II 

Dropped 

18 

84 

Transferred 

4 

3 

Sub-total 

45 

139 

Increase 

0 

II 

II 

Membership  Oct.  i,  i 

922 

2 

384 

810 

1 194 

80 

Net  Increase  During 

Year  in  Membership 

0 

II 

14 

TABLE  II 

Honorary 

Sustaining 

Class  of  memberships 

members 

Members 

Associates 

Total 

members 

Membership  Oct.  i,  ] 

922 

2 

384 

810 

II94 

80 

Additions 

Transferred 

7 

6 

New  members 

38 

240 

34 

Re-elected 

0 

I 

Re-instated 

I 

8 

Sub-total 

46 

255 

Deductions 

Deceased 

3 

12 

Resigned 

12 

44 

I 

Dropped 

9 

53 

Transferred 

6 

7 

Sub-total 

30 

116 

Increase 

16 

139 

155 

33 

Membership  Oct.  i,  ] 

923 

400 

949 

1349 

113 

Net  Increase  in 

Membership  During 

Year 

16 

139 

33 

1600 

'x 

^,^^ 

\, 

J 

^^ 

\, 

-/ 

1 

■ 

/ 

<r>  '^^ 

/ 

"•^ 

^' 

q: 

5"     Am 

^ 

•^ 

y 

T       Mn 

1 15    TOTAL  MfMBfRVUP 

AT    CNO  or  (ACN    VIAN 
l«0«  -      lOlJ 

0 

— 1 

1            1            1            i            1 

1906 


19O8 


1910 


I9»2 


19(4 


19*6 


i9te 


1920 


nil 
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SECTIONS  AND  CHAPTERS 


The  following  table 

gives  the  statistics  on  section 

and  chapter 

meetings  indicating  about  the 

average 

activity  when  compared 

with  the  preceding  year 

• 

TABLE  III 

No.  of 

JVc 

.  Papers 

Average 

Chapter  or  Section 

Meetings 

Presented 

Attendance 

Chicago 

6 

17 

40 

New  York 

8 

13 

105 

New  England 

4 

4 

40 

Philadelphia 

8 

8 

56 

Cleveland 

2 

Columbus 

2 

Los  Angeles 

I 

Michigan 

I 

22 

Northern  New  Jersey- 

3 

3 

50 

Pittsburgh 

I 

San  Francisco 

Toronto 

6 

6 

38 

Certain  sections  and  chapters  feel  the  need  of  more  frequent 
meetings  even  though  these  be  luncheon  gatherings  or  inspection 
trips.  Versatility  of  the  program  is  to  be  sought  for  and  attend- 
ance at  sectional  meetings  increased  through  demonstrations  and 
if  necessary  by  means  of  some  social  diversions  that  have  been 
tried  with  success  in  several  instances. 
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The  same  sections  functioned  this  year  at  last,  but  there  has 
been  a  notable  increase  in  the  number  of  chapters  for  which  a 
regular  charter  is  now  granted.  In  addition  to  the  Cleveland  and 
Toronto  chapters  of  last  year,  we  now  have  chapters  as  follows: 

San  Francisco  Bay  Cities  Chapter,  San  Francisco,  Cahfornia. 

Northern  New  Jersey  Chapter,  Newark,  New  Jei-sey. 

Columbus  Chapter,  Columbus,  Ohio. 

Michigan  Chapter,  Detroit,  Michigan. 

Los  Angeles  Chapter,  Los  Angeles,  California. 

Pittsburgh  Chapter,  Pittsburgh,  Pennsylvania. 

This  last  Chapter  was  organized  in  September,  but  charter  not 
granted  until  after  the  close  of  last  fiscal  year. 

The  policy  of  holding  joint  meetings  with  other  organizations 
has  generally  l)een  successful.  Papers  discussed  at  the  meetings 
have  been  of  the  usual  high  character  and  the  majority  have  been 
accepted  for  pu})li(;ati()n  in  the  Transactions.  The  policy  is  to 
be  encouraged  of  having  an  exchange  of  papers  and  spc^akers  among 
neighl)()ring  chapters  and  sections,  and  of  insjKH'tions  of  promi- 
nent installations  or  more  concrete  discussions  of  lighting  problems. 

COMMHTIOKS 
Committee  on  Editing  and  Piddication 

This  coiniiiiltce  has  done  especially  good  work  in  tli(>  face  of 
iinriHMons  petty  (linieulti(>s  and  lias  |)r()vided  l)ett(M-  and  more 
|)r()riipt,  issues  of  the  Transactions  as  well  as  being  succ(\ssful  in 
keei)ing  printing  costs  to  a  niinirntnn.     Durini:;  the  year  iUc  \)v'\u{- 


970  TRANSACTIONS  I.  E.  S.,  DECEMBER,  1923 

ing  of  the  Transactions  has  been  transferred  from  eastern  Penn- 
sylvania to  Ithaca,  New  York,  in  order  to  effect  a  considerable 
saving,  this  being  a  very  large  item  in  the  expense  budget. 

A  very  remarkable  sale  of  leaflets  and  pamphlets  has  been 
secured  during  the  year  due  to  the  activities  of  the  executive  office 
staff,  amounting  to  about  $3,300.  Of  this  amount  some  $1,530 
has  been  secured  from  Transaction  advertising,  $1,358  from 
Transaction  sales,  and  somewhat  more  than  $400  from  miscel- 
laneous sale  of  pamphlets,  etc. 

It  should  not  be  overlooked  that  a  wider  distribution  of  the 
Transactions  is  being  made  with  a  growing  membership  and 
that  the  average  size  of  each  issue  is  greater  than  heretofore. 

Committee  on  Membership 

The  activities  of  the  Membership  Committee  have  been  ex- 
ceedingly gratifying  as  indicated  by  the  former  statistics  and  by 
the  fact  that  as  of  September  ist  approximately  275  new  members 
and  associates  had  been  secured  for  this  past  fiscal  year.  The 
districts  most  fruitful  have  been  New  York,  New  Jersey,  New 
England,  and  eastern  Pennsylvania,  Ohio,  Michigan,  Illinois  and 
California.  The  work  of  this  committee  has  been  greater  than 
the  net  membership  indicates,  by  virtue  of  the  elimination  of 
delinquent  and  unsatisfactory  members  carried  over  from  previous 
years  as  before  mentioned. 

Committee  on  Nomenclature  and  Standards 

Detailed  activities  of  this  committee  will  be  presented  in  its 
own  report,  the  dominant  feature  of  the  year's  work  being  the 
effort  to  co-ordinate  with  other  organizations  both  abroad  and 
at  home  in  order  to  facilitate  the  establishment  of  a  convenient 
and  effective  system  of  nomenclature  throughout  the  world. 
Its  work  has  resulted  in  a  definition  of  lighting  as  distinct  from 
light  and  various  explanatory  definitions  of  brightness. 

The  word  "Luminaire"  has  been  continued,  with  the  word 
"Lamp"  as  applying  to  the  light  producing  part  of  the  luminaire. 

Committee  on  Lighting  Legislation 

Details  of  this  committee's  activities  will  be  found  in  their 
own  report  but  it  may  be  well  to  summarize  the  progress,  noting 
that  the  code  of  lighting  of  factories,  etc.,  in  its  final  revised  form 
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has  been  distributed  and  quite  generally  adopted,  and  that  work 
is  well  in  hand  on  simplified  explanations  of  the  code  and  sugges- 
tions on  its  application  suitable  for  state  inspectors. 

A  revision  of  the  school  lighting  code  has  been  completed  after 
much  careful  study  and  conference,  and  appears  elsewhere. 

Members  of  this  committee  have  frequently  given  talks  and 
explanations  to  various  states  adopting  the  code  or  contemplating 
it,  notably  in  Massachusetts,  Ohio  and  Pennsylvania. 

Committee  on  Motor  Vehicle  Lighting 

A  summary  of  the  activities  of  this  committee  have  been 
presented  during  the  recent  Convention  as  well  as  of  the  Com- 
mittee on  the  Tentative  Code  of  Luminaire  Design  and  the  Com- 
mittee of  Progress.  The  good  work  of  other  committees  is  evident 
from  the  general  condition  of  the  Society,  and,  building  upon  the 
foundation  of  good  work  during  the  past  year  it  is  hoped  that 
much  encouraging  progress  may  be  reported  at  the  eighteenth 
annual  convention. 

FINANCES 

The  details  of  the  financial  standing  of  the  Society  will  be 
found  in  an  addendum  to  this  report.  In  general,  the  income  as 
of  September  30th,  1923  v/as  $23,360.98  as  compared  to  an  income 
for  the  twelve  months  of  the  previous  fiscal  year  of  $22,885.80. 
The  gross  operating  expenses  of  this  year,  $20,542.85  have  been 
materially  reduced  over  last,  leaving  a  net  surplus  in  the  Society's 
treasury  of  $5,769.61  as  compared  to  the  1922  surplus  of  $2,532.77. 
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ADDENDUM 


New  York,  October,  22,  1923. 

Illuminating  Engineering  Society, 
29  West  39th  Street, 
New  York. 

Dear  Sirs: 

Pursuant  to  engagement,  we  have  made  an  audit  of  your 
books  and  accounts  for  the  year  ended  September  30,  1923,  and 
submit  herewith  the  following  described  exhibits: 

EXHIBIT  ''A"— Balance  Sheet,  September  30,  1923. 

EXHIBIT  ''B"— Statement  of  Income  and  Profit  &  Loss  for 
the  Year  Ended  September  30,  1923. 

The  cash  on  deposit  was  verified  by  certification  obtained 
from  tbe  depositary,  and  the  petty  cash  fund  at  the  New  York 
office  was  counted.  We  did  not  verify  the  petty  cash  fimd  at 
Chicago. 

The  inventories,  with  the  exception  of  identification  bars,  are 
as  estimated  by  the  Assistant  Secretary. 

The  United  States  liberty  loan  bonds  were  not  inspected  by  us. 

According  to  the  budget  for  1922-1923,  prepared  by  the  Com- 
mittee on  Finance,  there  is  a  possibility  of  a  charge  of  S300.00 
for  the  support  of  the  International  Commission  on  Illumination 
for  the  year  1923. 

Yours  truly, 

Haskins  &  Sells. 
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EXHIBIT  "A" 


BALANCE  SHEET— SEPTEMBER  30,  1923 


Assets 


Cash: 

On  Deposit 

$3,213.55 

Petty  cash — New  York 

100.00 

Petty  cash — Chicago 

146.62 

Total  cash 

$3,460.17 

Accounts  Receivable: 

Members'  dues 

$         10.00 

Associate  Members'  dues 

11.25 

Sustaining  members'  dues 

350.00 

Initiation  fees 

750 

"Transactions" 

18.68 

Advertising 

226.00 

Miscellaneous 

4.62 

Total  accounts  receivable 

628.05 

United  States  Liberty  Loan  Bonds 

3000.00 

Interest  Receivable  on  Bonds  Owned 

35-51 

Inventories: 

Badges 

$         70.20 

Reprints 

120.00 

"Transactions" 

300.00 

Illustration  cuts 

50.00 

Identification  bars 

117.25 

Total  inventories 

65745 

Office  Furniture  and  Fixtures 

$1,033.30 

Less  reserve  for  depreciation 

15500 

878.30 

Rent  Paid  in  Advance 

130.00 

Total 


5,789.48 


Liabilities 

Accounts  Payable 

Dues  Received  in  Advance 

Advance  Collection  for  "Transactions" 

Surplus  per  Exhibit  "B" 

Total 


$2,590.05 
423.07 

6.75 
5,769.61 

$8,789.48 


THE  GENERAL  SE  CRETARY's  REPORT  975 

EXHIBIT  "B" 

STATEMENT  OF  INCOME  AND  PROFIT  &  LOSS  FOR  THE  YEAR 

ENDED  SEPTEMBER  30,  1923 
Income 
Dues: 

Members  $5,794-63 

Associate  members  6,647.97 

Sustaining  members  6,680.00 

Student  members  2.00       $19,124.60 

Initiation  fees  712.50 

"Transactions"  sales  i,357-8i 

Advertising  sales  1,529.40 

Miscellaneous  sales  393-82 

Royalties  23.40 

Interest  on  bonds  130.00 

Interest  on  bank  balances  89.45 

Total  income  $23,360.98 

Expenses: 

"Transactions"  $  7,565-54 

General  office  expenses: 

Salaries  $6,567.30 

Rent  1,430.00 

Stationery,  printing,  and  supplies  544.63 
Postage  421.33 

Telegraph,   telephone,   and   expres- 

sage  234.52 

Depreciation  of  office  furniture  and 

fixtures  I55-00 

Miscellaneous  632.83 

Total  9,985-61 

Committee  expenses  138.18 

1923  convention  expenses  1,379.44 

New  York  Section  $     491-39 

Philadelphia  section  504-73 

Chicago  section  299.95 

New  Enghind  section  172.51 

Toronto  chapter  5.50 

Total  1,474-08 

Total  expenses  20,542.85 

Gross  Income  $2,818.13 

Income  Chaiuje — Adjustment  of  "Transactions"  Accounts 

Receivable  8.98 

Net  Income  for  the  Year  $2,809.15 

suupluk,  octohku  i,  1922  2,532.77 

OTHKii  PuoKiT  &  Los.s  ("ukditb: 

Chicago  petty  ca.sh  fund,  charged  to  expense 

in  prior  year  $146.62 

Interest    on    ImjiuIh    received,    a{)plicablo    to 

prior  yeans  J05-57 

1922  convention — Recovery  of  expenses  pre- 

vIouhIv  written  off  175-5*^ 

Tolul  4-7-69 


Surplus,  Skitemuku  30,  19J3  $5,769.61 


ELECTRIC  AFFAIRS 

PROGRESS  REPORT  ON  CODE  OF  LIGHTING  SCHOOL  BUILDINGS 

A  preliminary  draft  of  the  proposed  revised  Code  of  Lighting  School  Build- 
ings was  presented  for  discussion  at  the  Annual  Convention  of  the  Society  last 
September.  The  suggestions  then  made  received  the  careful  consideration  of 
the  Committee  in  a  later  revision  of  the  draft.  Numerous  criticisms  received 
subsequently  from  various  sources  indicated  the  need  of  substantial  revisions 
of  the  text  and  illustrations. 

The  introduction  has  been  rewritten.  Rule  i  (Illumination  required), 
Rule  4  (Color  and  finish  of  interior),  Rule  5  (Switching  and  controlling  appar- 
atus). Rule  6  (Exit  and  emergency  lighting),  and  Rule  8  (Blackboards^  have 
been  revised.  Part  II  (Why  the  fulfillment  of  the  rules  is  important)  has  been 
amplified  considerably.  Some  of  the  material  in  Part  III  (How  to  comply  with 
the  rules)  has  been  transferred  to  Part  II. 

A  revised  drawing  of  the  plan  and  elevation  of  a  typical  classroom  has  been 
completed  to  take  the  place  of  Fig.  3 ;  two  new  illustrations  are  in  hand  to  take 
the  place  of  Figs.  10  and  16;  two  characteristic  illustrations  on  daylighting  of 
school  building  interiors  have  been  added.  New  captions  for  many  of  the  illus- 
trations and  cuts  have  been  prepared.  Larger  type  will  be  used  for  aU  cap- 
tions and  footnotes  and  for  Table  I  (Illumination  required). 

An  index  has  been  prepared  and  will  be  added. 

The  Rule  relating  to  exit  and  emergency  lighting  has  been  submitted  for 
approval  to  the  I.  E.  S.  representative  on  the  Building  Code  Committee  (A.  E. 
S.  C). 

The  definitions  of  technical  terms  used  in  the  code  have  been  submitted  to 
the  Chairman  of  the  I.  E.  S.  Committee  on  Nomenclature  and  Standards. 

Immediately  after  the  revised  draft  has  been  received  from  the  printer 
(probably  early  in  the  month  of  January)  it  will  be  submitted  to  the  Sectional 
Committee  (A.  E.  S.  C.)  for  approval  and  then  to  the  Illuminating  Engineering 
Society  and  the  American  Institute  of  Architects  (joint  sponsors^  and  finally 
to  the  American  Engineering  Standards  Committee. 

Recommendations  made  recently  to  the  American  Engineering  Standards 
Committee  indicate  that  the  Sectional  Committee  may  be  urged  to  include  in 
the  code  a  treatment  of  fire-hazard  and  consequent  life  hazard  of  compressed 
gas,  acetylene  generators,  and  kerosene  lamps  used  in  country  school  houses. 
This  brings  up  a  question  as  to  the  scope  of  the  lighting  code,  which  question 
is  now  being  considered  by  a  special  committee  of  the  A.  E.  S.  C.  in  cooperation 
with  the  sponsors. 

A  COURSE  IN  ILLUMINATING  ENGINEERING 

The  School  of  Industrial  Arts,  Trenton,  New  Jersey,  offers  a  course  in  the 
theory  and  practice  of  Illuminating  Engineering,  supplemented  by  popular 
lectures,  Mr.  James  D.  Lee,  Jr.,  Ulurninating  Engineer,  during  the  season 
November  21-23  to  May  14,  1924, 
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This  course  will  be  especially  valuable  to  all  interested  in  the  planning, 
installation  and  use  of  electric  lighting,  in  residences,  stores,  theatres,  manu- 
facturing plants,  etc. 

As  the  School  of  Industrial  Arts  has  regularl}'  offered  courses  by  non-resi- 
dent lecturers  as  part  of  its  sj'stem  of  instruction,  an  arrangement  has  been 
effected  by  which  the  regular  course  will  be  supplemented  by  popular  lectures 
given  by  some  of  the  foremost  engineers  in  the  profession. 

This  course  has  three  objects: — (i)  to  indicate  those  arts  and  sciences 
which  constitute  illuminating  engineering;  (2)  to  furnish  a  condensed  outline 
of  study  of  the  subject;  and  (3)  to  give  to  practicing  engineers  and  architects 
an  opportunity  to  obtain  a  conception  of  the  art  and  science  of  illumination  as 
a  whole. 

The  course  wiU  give  to  the  student  a  viewpoint  of  this  particular  branch  of 
engineering  and  make  him  familiar  with  the  sources  of  information.  The  prog- 
ress and  developments  in  the  art  of  illumination  have  been  so  rapid,  that 
special  emphasis  will  be  given  this  phase  of  the  work  in  the  many  splendid 
examples  of  modern  installations  to  be  shown  and  a  thorough  study  made  of 
the  results  obtained. 

The  School  of  Industrial  Arts,  recognizing  the  fact  that  the  facilities  avail- 
able for  the  specialized  instruction  required  are  inadequate,  determined  to 
encourage  the  establishment  of  a  course  of  instruction  on  illuminating  engi- 
neering. 

The  subjects  and  scope  of  the  lectures  have  been  carefully  selected  to  suj>- 
plement  the  instruction.  Those  regularl}--  enrolled  in  the  classes  now  forming, 
will  be  given  an  opportunity  to  study  the  many  problems  presented  in  the 
lectures,  with  the  assistance  of  a  competent  instructor  who  will  be  in  charge  of 
the  work. 

An  outline  of  the  course  follows: — 

Theory — (i)  Fundamental  Concepts,  (2)  Units  and  Terms,  (3)  Commercial 
Illuminants,  (4)  Photometry,  (5)  Calculation  of  Illumination,  (6)  Systems  of 
Illumination,  (7)  Engineering  Data. 

Practice: — (a)  Commercial  Liqhling,  (b)  Industrial  Lighting,  (c)  Residence, 
(d)  Street,  (e)  Church,  (f)  School,  (g)  Special  Problems,  (h)  Aesthetic  prob- 
lems. 
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Prepared  by  the  Committee  on  Progress. 


An  Index  of  References  to  books,  papers,  editorials,  news  and  abstracts  on  illumi- 
nating engineering  and  allied  subjects.  This  index  is  arranged  alphabetically  according 
to  the  names  of  the  reference  publications.  The  references  are  then  given  in  order  of 
the  date  of  publication.  Important  references  not  appearing  herein  should  be  called  to 
the  attention  of  the  Illuminating  Engineering  Society,  29  W.  39th  St.,  New  York,  N.  Y. 


AUTHOR 

Electrical  World 

An  Inexpensive  Street  Lighting  System  J.  W.  Walker 
Incandescent  Lamp  Production  in  Russia  A.  P.  Ivanoflf 
When  Daylight  Costs  More  Than  Artifi- 

cal  Light 
Cheerful  Illumination  Needed  in  Autumn 
Use  of  Electric  Light  for  Stimulating 

Growth  in  Plants 
Electrical  Development  in  England  W.  H.  Onken 

One  Thousand  Miles  of  Street  Lighting 

for  St.  Louis  Rolf  Toensfeldt 

(Editorial) 
Forty  Lighting  Intensities  in  One  Street 
Post  Office  Continues  Work  for  Better 

Lighting 

Electrician 

A  Safe  Method  of  Lighting  Coal  Mines  W.  M.  Thornton 
A  New  Way  of  Lighting  Work  Benches 
The  Lighting  of  Cinema  Theaters 
New  Miner's  Safety  Lamp 

Elektrotechnische  Zeitschrift 

Schutz  gegen  Gluhlampendiebstahl 

Gas  Journal 

Glare  in  Industrial  Lighting 
Murdoch  Challenged 
An  Elementary  Treatise  on  Gas  Lighting 
The  Lighting  of  Buildings — Advantag- 

ous  Application  of  Science  in  the  Use 

of  Gas 
Passing  of  Favour  for  Indirect  Lighting 
Modern  Gas  Lighting 
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General  Electric  Review 

Edison  Mazda  Lamps  in  Lighthouse  Ser- 
vice L.  C.  Porter  Aug.  565 

Theory  and  Practice  in  the  Projection  of 

Light  Sept.  593 

Positive  Ion   Currents  in  the   Positive 

Column  of  the  Mercury  Arc  I.  Langmuir  Nov.  731 

Good  Housekeeping 

Merits  and  Defects  of  Modern  Lighting  M.  Luckiesh  Sept.  40 

Lighting  the  Dining  Room  M.  Luckiesh  Oct.  41 

Getting  the  Best  from  Lighting  M.  Luckiesh  Nov.  38 

Portable  Lamps  M.  Luckiesh  Dec. 

Illuminating  Engineer 

Lighting  Requirements,  Recommenda- 
tions and  Standards  June  131 

American  Architect  &  Architectural  Review 
Lighting  of   Picture   Galleries  and 

Museums,  Part  II  S.  H.  Seager  Nov.  21  471 

American  Journal  of  Physiological  Optics 
Tetrachromatic  Vision  and  the  Genetic 

Theory  of  Color  C.  Ladd-Franklin      Oct.  403 

British  Journal  of  Psychology — General  Section 

A  Study  of  Visual  After-Sensations  with 
Special  Reference  to  Illumination  in 
Coal  Mines  E.  Farmer,  S.  Adams, 

A.  Stephenson  Oct.  153 

Chemical  Abstracts 

The  absorption  of  light  by  several  com- 
ponents N.  P.  Peskov  Nov.  10  345^ 

Mercury  arc  tost  of  color  fjiHtnoss  to  light  L.  J.  Buttolph  Nov.  10  3610 

Pajjor  with  high  scjiisitivity  for  green  light 

for  photograi)hic  photometry  J.  M.  Eder  Nov.  20  3649 

Comptes  Rendus 

L'amplification  du  courant  des  cellules 

photo-clectriqucs  et  ses  applicitionH    G.  Ferrie, 

R.  Jouauat, 
II.  Me-sny  Nov.  5  847 

Comptes  Rendus  de  la  Societe  de  Biologie 
Sur   Ic   [jhototropiHme  de  quclquc.H  cri- 

<i"otH  P.  P.  Orane  Nov.  3  898 
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Electrical  Record 

The  Highest  Sign  in  the  World 

Course  in  Artificial  Lighting  Being  Given 
in  New  York 

Beauty  of  Street  Enhanced  by  New- 
Lighting  System 

Electrical  Review 

A  Safe  Method  of  Lighting  Coal  Mines  W 
"Safety"  Anti-Dazzle  Headlamps 
Accidents  and  Shadows :  their  Cause  and 

Remedy 
The  Electrical  Equipment  of  the  Tivoli 

Kinema,  Strand,  London 
Modern  Shop-window  Illumination 
Large  Stores  Lighting 
Electric  Lighting  of  French  Trains 
Market  Lighting 

Electrical  World 

Street  Lighting 

Two-Intensity  Substation  Lighting  sys- 
tem 

Illuminating  Engineer 

Illuminating  Engineering  Propaganda 
Some  Problems  in  the  Lighting  of  Print- 
ing Works 

The  Spectro-Photometric  Comparison  of 
Artificial  Daylight  with  Natural 
North  Skylight  P.  R.  Ord  July  167 

Industry  Illustrated 

Good  Lighting  and  Prosperity  M.  Luckiesh  Nov.  18 

Journal  de  Physique  et  le  Radium 

Recherches  sur  la  luminescence  par  les 

de  Roentgen  A.  Jaubet  de  Beaujeu  Aug.  257 

Journal  of  American  Institute  of  Electrical  Engineers 

Cleveland  Has  New  Street  Lighting 

Demonstration  Nov.  12 17 

Journal  of  General  Physiology 

Influence  of  light  of  very  low  intensity 

on  phototropic  reactions  of  animals      H.  K.  Hartline  Nov.  20  137 


Nov. 

293 

Nov. 

307 

Nov. 

327 

W.  M.  Thornton 

Oct.  12 

552 

Oct.  19 

570 

W.  E.  Bush 

Oct.  26 

605 

Nov.  2 

661 

Nov.  9 

689 

Nov.  9 

699 

Nov.  16 

748 

Nov.  16 

750 

G.  E.  Miller 

Oct.  27 

859 

E.  D.  Tillson 

Oct.  27 

866 

June 

132 

L.  Gaster 

June 

134 

Oct.  II 

470 

Oct.  II 

473 

Oct.  II 

482 
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Journal  of  the  Optical  Society 

On  Reflex  Visual  Sensations  and  Color 

Contrast  Frank  Allen  Nov.  913 

The  Effect  of  the  Diffusion  and  Absorp- 
tion by  the  Atmosphere  on  Signal 
Lights  and  Projectors  E.  Karrer  Nov.  943 

Licht  und  Lampe 

Neue  Wege  und  Ziele  der  Schattenmesr 

sung  K.  No'rden 

Zur  Frage  der  Sommerzeit 
Neuartige  Petroleum-Beleuchtung 
How    One    Man    Has    Helped    Chicago 

Traffic  Z.  Hartman  Dec.  5 

Lighting  Fixtures  &  Lighting 

Window  Spot  Lighting  Big  Factor  Prop- 
erly Used  E.  D.  Tillson  Nov.  25 

Monthly  Abstract  Bulletin,  Eastman  Kodak  Company 

The  Light  in  Printing  on  Metal  W.  B.  Hislop  Nov.  383 

National  Electragist 

Lighting  Progress  in  1922  John  Liston  Jan.  31 

Pfluger's  Archiv  f.  d.  ges.  Physiologic 

Weitere  Versuche  iiber  binokulare  Mis- 

chung  von  Spektralfarben  W.  Trendelenburg     Aug.  31  235 

Uber  den  Einfluss  der  Farbe,  Sattigung 

und  Ausdehnung  des  Lichtreizes  auf 

die    Einfindungszeit    und    der    zeit- 

lichen  Verlaiif  dor  Gesichtsempfind- 

ung  F.  W.  Frohlich  Aug.  31  392 

Physikalische  Zeitschrift 

Versuch  zur  Demonstration  der  Lad- 
ungen  von  Metalldampfcn  im  Licht- 
bogcn  A.  Sail)  Sept.  i  374 

Proc:  National  Academy  of  Sciences 

On    the    I{('I:ifiv('    X'clocily   of   Blu<«   jind 

V'cllou  Liglit  Harlow  Shaplcy         Nov.  386 

Public  Works 

BusinoH.s  Street  and  White  \N  :iy  Light- 
ing Nov.  345 

Revue  Generale  de  L'Elcctricite 

Comite  national  franeais  de  ri'lclainigo  Oct.  27  609 
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Recueil  des  travaux  et  compte  rendu  des 
seances  de  la  Commission  interna- 
tionale  de  I'Eclairage,  session  de  192 1  Oct.  27  610 

Safety  Engineering 

Are  Your  Buildings  Properly  Lighted?      A.  C.  Carruthers       Oct.  186 

Tech  Engineering  News 

The  Deglarescope  W.  S.  Franklin, 

Elof  Benson  Oct.  128 

Transactions  of  the  lUuminating  Engineering  Society, 

Railway  Car  Lighting  G.  E.  Hulse  Oct.  748 

Zeitschrift  fur  Psychologic 

Uber   Jaenschs  Zuruckfuhrung  des 
Simultankontrastes  auf  ventrale 
Transformation  G.  E.  Muller  Aug.  i 

Uber  die  Gestaltauffassung  im  indirek- 

ten  Sehen  W.  Korte  Aug.  17 

Farbenpsychologische  Untersuchungen. 
I.  Die  Bedeutung  von  "Figur"  und 
"Grund"  fur  die  Farbenschwelle  Adhemar  Gelb, 

Ragnar  Granit  Aug.  83 
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SECRETARY H.  C.  Calahan,  52  Lafayette  St.,  Newark,  N.  J. 
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Columbus  Chapter 
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Michigan  Chapter 
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Pittsburgh  Chapter 
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LOCAL  REPRESENTATIVES 


COLORADO: 
CONNECTICUT: 

DISTRICT  OF  COLUMBIA 

GEORGIA: 
IDAHO: 
KENTUCKY: 
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MASSACHUSETTS: 

MINNESOTA: 
MISSOURI: 
NEW  YORK: 

OHIO: 
OREGON: 

RHODE  ISLAND: 

TEXAS: 

UTAH: 

VIRGINIA: 

WASHINGTON: 

WISCONSIN: 

CANADA: 


Denver G.  O.  Hodgson,  Edison  Lamp  Works. 

New  Haven Charles  F.  Scott,  Yale  University. 

J.  Arnold  Norcross,  80  Crown  Street. 

Hartford R.  E.  Simpson,  Travelers  Insurance  Co. 

Washington R.  B.  Patterson,  213  14th  Street. 

E.  C.  Crittenden  Bureau  of  Standards. 

Atlanta Charles  A.  Collier,  Electric  and  Gas  Building. 

Boise W.  R.  Putnam,  Idaho  Power  Co. 

Louisville H.  B.  Heybum,  Second  and  Washington  Sts. 

New  Orleans. .  .Douglas  Anderson, 

Tulane  University  of  Louisiana. 

Springfield J.  F.  Murray,  United  Electric  Light  Co. 

Worcester Carl  D.  Knight, 

Worcester  Polytechnic  Institute. 

Minneapolis...  .G.  D.  Shepardson,  University  of  Minnesota. 

St.  Louis Louis  D.  Moore,  1130  Railway  Exchange  Bldg. 

Rochester Frank  C.  Taylor,  166  Shepard  St. 

Schenectady.  .  .H.  E.  Mahan,  General  Electric  Co. 

Cincinnati A.  M.  Wilson,  University  of  Cincinnati. 

Toledo W.  E.  Richards,  Toledo  Railway  and  Light  Co. 

Portland F.  H.  Murphy, 

Portland  Railway  Light  and  Power  Co. 
Electric  Building. 


Providence.. . . 

Austin 

Salt  Lake  City 
Charlottesville 

Seattle 

Milwaukee 

Montreal . 


.F.  A.  Gallagher 

Narragansett  Elee.  TJghting  Co. 

.J.  M.  Bryant,  University  of  Texas. 
.  L.  B.  Gawan,   134  Main  Street. 
W.  8.  Rodman,  University  of  Virginia. 
.Fred  A.  Osborn,  University  of  Washington. 

.F.  A.  Vaughn,  Metropolitan  Block,  Third  and 
State  Sts. 

.L.  V.  Webber,  285  Beaver  \U\\  Hill. 


OFFICIAL  REPRESENTATIVES  TO  OTHER  ORGANIZATIONS 

On  the  United  States  Niitioiml  Committee  of  the  International  (  L.  H.  Mnrkn 

Comniissiun  on  Uluminution <  VyvMuw  S.  Millur 

{(,.  \{.  Stinkney 

On  Governing  Board  of  the  Americiin  Awtocitttion  for  the  Advancement    ,  ,,  „    ..-  i    • 

of  Hricnro J;!-"''"'  ^i^^lT^''" 

(  Clayton  H.  Sharp 

On  the  Advisory  Committee,  EnRinorring  Division,  National   Hcsearrh 

Council Dugnld  C.  jRckson 

On  A.  E.  8.  C.  Boctional  Conimilteiv  Bi  ilding  Exits  CcAtt H.  E.   Simpson 

On  Now  York  State  Committee  on  Places  of  Public  Amembly G.  II.  Stiokney 
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COMMITTEES 


1923-1924 


Except  as  noted  below,  all  committees  are  appointed  by  the  President,  subject  to 
the  approval  of  the  Council,  and  terminate  at  the  time  of  the  first  Council 
meeting  of  ea^h  new  administration,  in  the  month  of  October.  The  duties 
of  each  committee  are  indicated. 


CLARENCE  L.  LAW,  President,  Ex-officio  member  of  all  Committees 


(1)  STANDING  COMMITTEES 
AUTHORIZED  BY  THE  CON- 
STITUTION AND  BY-LAWS 

COUNCIL  EXECUTIVE — (Consisting  of  the 
President,  General  Secretary,  Treasurer 
and  tivo  members  of  the  Council.)  Act 
for  the  Council  between  sessions  of  the 
latter. 

Clarence  L.  Law,  Chairman 
Irving  Place  and  15th  Street 
Norman  D.  Macdonald     Preston  S.  Millar 
L.  B.  Marks.  H.  F.  Wallace 

FINANCE. — (Of  three  members:  to  continue 
until  successor  is  appointed.)  Prepare  a 
budget;  approve  expenditures;  manage 
the  finances;  and  keep  the  Council  in- 
formed on  the  financial  condition. 

Adolph  Hertz,  Chairman. 
Irving  Place   &  isth  St.,  New  York,  N.  Y. 
F.  R.  Barnitz  H.  F.  Wallace 

PAPERS. — (Of  at  least  five  members.)  Pro- 
vide the  program  for  the  annual  con- 
vention; pass  on  papers  and  communica- 
tions for  publication;  and  provide  pa- 
pers and  speakers  for  joint  sessions  with 
other  societies. 

A.  L.  Powell,  Chairman. 

Fifth  and  Sussex  Sts.,  Harrison,  N.  J. 

R.  W.  Shenton,  Vice-Chairman 

Nela  Park,  Cleveland,  Ohio 

E.  C.  Crittenden,       H.  H.  Higbie, 
Geo.  G.  Cousins,       J.  L.  Stair, 
Julius  Daniels,  F.  C.  Taylor, 

H.  P.  Gage,  Norman  D.  Macdonald, 

R.  H.  Maurer, 

Chairman  of  Section  and  Chapter  Papers 
Committees,  Ex-officio  Members. 


EDITING  AND  PUBLICATION.— (0/<Arec 
members.)  Edit  papers  and  discus- 
$ion$;  and  publish  the  Transactions. 


Norman  D.  Macdonald,  Chairman. 
Both  St.  and  E.  End  Ave.,  New  York.  N.  Y. 


GENERAL  BOARD  OF  EXAMINERS.— 
(Appointed  by  the  President.)  Pass  upon 
the  eligibility  of  applicants  for  member- 
ship or  for  changes  in  grade  of  member- 
ship. 

L.  J.  Lewinson.  Chairman. 

8oth  St.  and  East  End  Ave., 

G.  Bertam  Regar,  H.  V.  Bozell. 

(2)  COMMITTEES  THAT  ARE 
CUSTOMARILY  CONTINUED 
FROM  YEAR  TO  YEAR. 

LIGHTING    LEGISLATION.— Prepare    o 

digest  of  laws  on  Illumination;  cooper- 
ate with  other  bodies  in  promoting  wise 
legislation  on  illumination;  and  prepare 
codes  of  lighting  in  certain  special  fieldt. 
To  function  also  as  a  Technical  Com- 
mittee on  Industrial  Lighting. 

L.  B.  Marks,  Chairman. 
103  Park  Avenue,  New  York,  N.  Y. 
W.  F.  Little,  Secretary. 
8oth  St.  and  E.  End  Ave.,  New  York,  N.  Y. 


W.  T.  Blackwell, 
F.  C.  CaldweU, 
Geo.  S.  Crampton, 
H.  B.  Dates, 
E.  Y.  Davidson,  Jr., 
J.  E.  Hannum, 
Ward  Harrison, 
S.  G.  Hibben, 
J.  A.  Hoeveler, 
James  E.  Ives, 


Clarence  L.  Law, 
M.  G.  Llyod, 
M.  Luckiesh, 
E.  G.  Perrot, 
R.  H.  Maurer, 
A.  S.  McAllister, 
W.  J.  SerriU, 
R.  E.  Simpson, 
G.  H.  Stickney, 
R.C.  Taggart. 


MEMBERSHIP.— To      obtain      additional 
individual  memberships. 

G.  Bertram  Regar,  Chairman. 
1000    Chestnut    St.,    Philadelphia,    Pa., 
C.  E.  Addie  F.  W.  BUss, 


J.  F.  Anderson, 
C.  A.  Atherton, 
W.  T.  BlackweU, 


R.  I.  Brown, 
J.  E.  Buckley 
W.  E.  Clement. 
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COMMITTEES  -  1923  - 1924 


George  G.  Cousins, 
E.  C.  Crittenden, 
J.  Daniels, 
Henry  D' Oliver,  Jr. 
J.  Carl  Fisher, 
H.  W.  Fuller, 
H.  E.  Hobson, 
Merritt  C.  Huge, 
Karl  E.  Kilby, 

L.A.  S 


James  D.  Lee,  Jr., 
F.  W.  Loomis, 
H.  E.  Mahan, 
C.  C.  Munroe, 
F.  H.  Murphy, 
J.  A.  O'Rourke, 
S.  L.  E.  Rose, 
H.  H.  Smith, 
J.  L.  Stair, 
Wood. 


MOTOR  VEHICLE  LIGHTING. 

C.  H.  Sharp,  Chairman. 
8oth  St.  and  E.  End  Ave..  New  York,  N.  Y. 

G.  H.  Stickney,  Vice-Chairman. 

Fifth  and  Sussex  St.,  Harrison,  N.   J. 

W.  F.  Little,  Secretary 

8oth  St.  and  East  End  Ave. ,  New  York,  N.  Y. 


F.  C.  CaldweU, 
A.  W.  Devine, 
C.  E.  Godley, 
C.  A.  B.  Halvorson, 


J.  A.  Hoeveler, 
W.  A.  McKay, 
A.  L.  McMurtry, 
H.  H.  Magdsick. 


L.  C.  Porter, 

NOMENCLATURE  AND  STANDARDS— 

Define  the  termt  and  standards  of  Il- 
lumination; and  endeavor  to  obtain  uni- 
formity in  nomenclature. 

E.  C.  Crittenden,  Chairman. 
Bureau  of  Standards,   Washington,   D.   C. 

Howard  Lyon,  Secretary. 
Welsbach  Co.,  Gloucester,  N.  J. 


G.  A.  Hoadley, 
E.  P.  Hyde, 
A.  E.  Kennelly, 
M.  Luckiesh, 
C.  O.  Maillouz, 


A.  S.  McAllister, 
E.  C.  McKinnie,* 
C.  H.  Sharp, 
W.  J.  Serrill, 
G.  H.  Stickney. 


PROGRESS. — Submit  to  the  annual  conven- 
tion a  report  on  the  progress  of  the  year 
in  the  science  and  art  of  Illumination, 

F.  E.  Cady,  Chairman. 
Nela  Park,  Cleveland,  O. 

RESEARCH.— S/tmuia<«  research  in  the 
field  of  illum.ination:  and  keep  in- 
formed of  the  progress  of  research. 

E.  F.  Nichols,  Chaiiman. 
Nela  Park.  Cleveland.  O. 


(3)  TEMPORARY  COMMITTEES 
FOR  SPECIAL  PURPOSES. 

SKY  BRIGHTNESS. 

H.  H.  Kimball,  Chairman. 
U.  S.  Weather  Bureau,  Washington,  D.  C. 
E.  C.  Crittenden,  W.  F.  Little, 

E.  H.  Hobbie,  M.  Luckiesh 

James  E.  Ives,  L.  B.  Marks, 

Bassett  Jones,  I.  G.  Priest.* 

COMMITTEE  TO  COOPERATE  WITH 
FIXTURE  MANUFACTURERS 

To  Prepare  Code  of  Luminaire  Derign 
M.  Luckiesh,  Chairman, 
Nela  Park,  Cleveland,  O. 
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Y-Pgy  Lighting 

irm  m  Wtmmm^  trom  Concealed  Sources 


The  application  of  proper  lighting  equipment 
to  secure  a  required  lighting  result ! 

For  Eye  Comfort 

The   nearest   approach   to  daylight    for   eye 
efficiency  and  perfect  eye  comfort. 

The  artistic  luminaires  developed 
in  our  studios  produce  X-Ray 
Engineered  Eye  Comfort  Lighting. 

You  are  invited  to  visit  our  Studios  and  con- 
sult with  us  on  your  lighting  problems. 

NATIONAL  X-RAY  REFLECTOR  CO. 


New  York 


The  Clearing  House  for  Lighting  Ideas 

CHICAGO 

Engineers  in  all  Principal  Cities 


Los  Angeles 


OLD  TRANSACTIONS  WANTED 

Vol.  XV,  1920 — Nos.  I,  4,  5,  7,  8  and  9 
Vol.  XVI,  192 1 — No.s.  2,  3,  7,  8  and  9 
Vol.  XVII,  1922 — Nos.  5,  8,  9  and  10 
\V)1.  XX'llI,  1923 — Nos.  I,  3,  and  4 

Advise  the  General  Oflicc  of  Issues  for  sale  and  {)ricos  will  \)v  (juotod. 


OFFPRINT  ORDERS 

III  order  to  iriiniinizc  flic  cxpciisc  of  liojdiii^  •>!»«'.  •!'•'  printer 
has  hecn  inslrueted  to  flirow  the  pa^es  of  the  Tkansactions 
shortly  after  pul)li<'at ion.  Authors  wishing  to  secure  offprints  al 
the  rninirnutn  rate  should  notify  the  (leneral  Ofliee  in  adv.anee. 
I'or  offprints  ordered  after  puMicat  ion  in  the  Tkans  vcnoNs  a 
a   hij^her  fee  must    he  eharjjecl 

( 'o.M.MI  riKK   ON    I'J)iriNt.    AM)    I 'l   M  I.I  < '  ATION 
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ADVERTISEMENTS 


The  Beauty, 
Practicability 
and  Economy 

of  modern  gas  lighting  are  expressed 
to  their  fullest  degree  in  Welsbach 
Semi-Indirect  Lighting  Fixtures. 
Numbered  among  these  are  styles 
and  designs  for  practically  every 
single-unit  lighting  need. 


No    1842 

A  beautiful  example  of 

Welsbach  Semi-Indirect 

Lighting  Fixtures 


LIGHTING 
FIXTURES 


Welsbach  Semi-Indirect  Lighting  Fixtures  are  the  develop- 
ment of  a  company  that  has  devoted  its  life  to  the  manufacture 
of  gas  appliances  that  meet  the  highest  ideal.  The  greatest  possi- 
ble skill  and  care  and  the  finest  grade  of  material  are  employed 
in  every  case. 

Welsbach  Semi-Indirect  Lighting  Fixtures  possess  many 
exclusive  advantages.  One  of  their  outstanding  features  is  a 
metal  hood  placed  above  the  mantles.  This  hood  directs  out- 
ward and  dissipates  the  products  of  combustion,  preventing  dis- 
coloration of  the  metal  work  and  ceiling. 

A  set  of  booklets  describing  the  various  styles 
of  Welsbach  Fixtures,  will  be  sent  upon  request 


Welsbach  Company 


Gloucester,  N.  J. 


Member  American  Gas  Association 
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Porcelain 
Series  Socket 
Equipped  with 
Magazine 
Film  Cut  Out 


General   Electric 

Company 

General  Office 

Schencctafly 

New  York 


Steel  Reflector 
with  Baked-on 
Enamel 

A  Dependable  Fixture 
with  a  Long  Life 

All  G-E  Novalux  fixtures  are  adapted  for 
bracket  or  center  span  mounting  and  are 
equipped  with  the  famous  G-E  25,000-volt 
porcelain  insulator. 

This  insulator  protects  the  equipment  against 
grounding  which  extinguishes  lamps  (increas- 
ing maintenance  expense)  and  against  jumping 
of  current  on  high  voltage  circuits  in  case  of 
surge.  Necessary  openings  in  the  insulator  are 
so  covered  as  to  prevent  moisture  [or  dirt 
from  interfering  with  the  circuit. 

Another  feature  of  G-E  Novalux  fixtures  is  the 
G-E  Series  Socket  which  has  a  substantial 
center  contact  of  sturdy  phosphor  bronze 
springs.  A  locking  wire  effectually  prevents 
lamps  from  loosening.  AH  G-E  Series  Sockets 
are  adapted  to  the  use  of  the  convenient  G-E 
Magazine  Film  Cutout— 15  fresh  dielectric 
surfaces  in  a  single  compact  cartridge. 

Street  lighting  upccialists  at  all  G-E 
dintrict  ofriccs  have  detailed  infor- 
mation on  various  types  of  G-E 
street  lighting  equipment. 


GENERAL  ELECTRIC 


10-20-2 
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Forty  Streets  in  One 

INVESTIGATIONS  by  various  individuals  and 
organizations  have  very  substantially  contributed  to 
progress  in  the  art  of  street  lighting.  There  remain, 
however,  many  important  factors  which  have  not  been 
evaluated  definitely.  Incompleteness  of  fundamental  data 
on  the  visibility  of  objects  when  subjected  to  various 
systems  of  street  lighting  is  held  responsible  for  the  lack 
of  unanimity  of  opinion  among  street  lighting  engineers. 

The  National  Lamp  Works  of  General  Electric  Company, 
through  the  cooperation  of  its  Engineering  Department 
with  the  City  of  Cleveland  (Dept.  of  Light  and  Heat), 
and  the  Cleveland  Electric  Illuminating  Company  have 
begun  the  most  thorough  investigation  of  these  under- 
lying principles  by  means  of  a  full  scale  experimental 
installation  covering  a  2,000  ft.  section  of  a  typical 
Cleveland  thoroughfare. 

Forty  individual  circuits  controlling  as  many  different  systems, 
lamps  of  1,000  to  30,000  lumen  ratmgs,  mounting  heights  of  1 1  ft. 
to  26  ft.,  spacings  of  75  ft.  to  900  ft.  and  units  located  from  curb 
to  center  of  street  make  it  possible  to  demonstrate  and  study 
almost  any  well  conceived  street  lighting  system 

Our  Engineering  Department  will  be  glad  to  make  an  appoint- 
ment to  demonstrate  the  intensely  intef-esting  ^'^rty  streets  in  one 
to  any  individual,  organization  or  group  desiring  to  come  to 
Cleveland  to  study  street  lightmg  problems. 

NATIONAL  LAMP  WORKS 

of  General  Electric  Co,    Nela  Park,  Cleveland 
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Better  Lighting  Pays  for  Itself 

GOOD  lighting  not  only  saves  maintenance  money 
but  it  also  helps  you  obtain  higher  earnings  from 
your  investment  because  it  produces  definite  and 
measurable  increase  in  production.  The  average  re- 
sults, computed  from  records  made  in  hundreds  of 
plants  where  the  lighting  conditions  have  been  im- 
proved, show  production  increases  of  12  per  cent.  In 
addition,  spoilage  was  decreased  25  per  cent  and 
accidents  decreased  25  per  cent. 

The  investment  required  to  pnxlucc  these  and  many 
other  benefits  is  so  slight  that  in  practically  all  cases 
it  is  the  lowest  part  of  the  overhead  charge.  The 
manufacturer  who  tries  to  cut  the  cost  of  this  lowest 
item,  saves  but  a  few  dollars  at  most;  and  he  does  so 
at  the  expense  of  the  two  largest  cost  items  on  the 
list — labor  and  material. 

Weslinghouse  [leclric  &  Manufacturing  Company 

George  Cutter  Works  South  Bend,  Indiana 

Sales  Oflices  in  .All  I'lincipal  Cities  of  the 

United  States  and  t'oreign  Counlrii'S 


W^stinghouse 
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Apparatus  for  Calibration  and  Adjustment  of  Portable  Photometers 

Instrument  Calibration 

Some  manufacturers  send  new  or  special  types  of 
apparatus  for  final  check  to  safeguard  the  accuracy  of 
their  own  standardizing;  laboratories — for  others  the  whole 
output  is  checked  as  a  matter  of  routine. 

The  illustration  shows  a  special  test  apparatus  for  the 
checking  of  portable  Photometers — All  such  photometers 
which  are  manufactured  by  Foote,  Pierson  &  Company, 
Inc.,  and  Leeds  &  Northrup  Company  are  checked  here 
before  being  shipped  to  the  customer. 


*.*     ♦-♦     ♦-♦ 


Electrical  Testing  Laboratories 

80th  Street  and  East  End  Ave.,  New  York,  N.  Y. 
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The  Transactions 


and  other  publications  are  a  con- 
siderable part  of  our  business. 


Commercial  Work 

such  as  office  forms,  catalogs, 
folders,  and  similar  special 
material,  however,  are  as  impor- 
tant to  us  as  periodicals. 


We  should  like  to  figure 

with  you  on  your  next  list  of 
printing. 

Personal  Attention  Economical  Service 

Cornell  Publications 
Printing  Company 

ITHACA,  NKW  YORK 
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ADVERTISE  M  E  X  T  S 


L.  B.  MARKS 


CONSULTING    ENGINEER 


ILLUMINATING 
ENGINEERING 


103   PARK  AVE. 
NEW  YORK 


STONE  &  WEBSTER 

Incorporated 

EXAMINATIONS       REPORTS 

APPRAISALS 

ON 

INDUSTRIAL    AND    PUBLIC   SERVICE 

PROPERTIES 

New  York    Boston    Chicago 


14-Karat  gold  with  safety 
pin  clasp,  highest  grade 
enamel. 


Blue  background  for 
Members.  Red  Back- 
ground for  Associate 
Members. 


BADGE 

PRICE  $3.50 
The  official  emblem  of  the  Society  is  represented  above, 
should  be  sent  to  the  General  Office. 


Orders 
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Geographical  Districts 

Geographical  districts  of  the  United  States  showing  Section  and  Chapter 
boundaries.  New  England  Section:  Maine,  New  Hampshire,  Vermont,  Massa- 
chusetts and  Rhode  Island;  Headquarters  Boston,  Mass.  New  York  Section: 
Connecticut,  New  York  and  Northern  New  Jersey  north  of  latitude  40°  20'; 
Headquarters,  New  York  City.  Philadelphia  Section:  Southern  New  Jersey, 
Delaware,  Maryland,  District  of  Columbia  and  Eastern  Pennsylvania;  Head- 
quarters, Philadelphia,  Pa.  Chicago  Section:  Illinois,  Indiana,  Michigan  and 
Wisconsin;  Headquarters,  Chicago,  111.  Cleveland  Chapter:  Cleveland,  Ohio, 
and  vicinity.  Columbus  Chapter:  Columbus,  Ohio,  and  vicinity.  Michigan 
Chapter:  Detroit,  Mich.,  and  vicinity.  Northern  New  Jersey  Chapter:  New 
Jersey  north  of  Trenton,  N.  J. ;  Headquarters,  Newark,  N.  J.  Toronto  Chap- 
ter: City  of  Toronto  and  vicinity.  Los  Angeles  Chapter:  Southern  California; 
Headquarters,  Los  Angeles  Calif.  San  Francisco  Bay  Cities  Chapter:  Northern 
California,  Oregon  and  Washington;  Headquarters,  San  Francisco,  Calif. 
Non-Section  territory  as  indicated. 


EXPLANATORY  NOTE 

The  list  of  Members  of  the  Illuminating  Engineering  Society 
contains  the  following  groups,  arranged  alphabetically: 

1 .  Sustaining  Members,  with  name  of  Official  Representative. 

2.  Honorary  Members. 

3.  Members  of  all  Grades. 

4.  Members  of  Sections  and  Chapters. 

The  Member's  name,  business  title  and  affiliation,  and  address 
is  given. 

The  Grade  of  Membership  is  indicated  by  (M)  for  Member, 
(A)  for  Associate  Member  and  (S)  for  Student  Member. 

Members  who  have  served  the  Society  as  officers  of  the  Coun- 
cil, have  the  official  position  and  duration  of  term  of  office  indi- 
cated in  italics. 

Charter  Members  of  the  Society  are  indicated  by  a  star  (*) 
following  their  names. 
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Boston,  Mass. 

Official  Representative 
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Official  Representative 
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Gillinder  Brothers 
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Official  Representative 
Edwin  B.  Gillinder 

Gillinder  &  Sons,  Inc. 
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Philadelphia,  Penn. 
Official  Representative 
Edgar  A.  Gillinder 
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Gleason-Tiebout  Glass  Company 
99  Commercial  Street 
Brooklyn,  N.  Y. 

Official  Representative 
Marshall  Tiebout  Gleason 

Gloucester  Electric  Company 
26  Vincent  Street 
Gloucester,  Mass. 

Official  Representative 
Walter  L.  Brown,  Jr. 

Greenfield  Electric  Light  &  Power  Co. 
41  Federal  Street 
Greenfield,  Mass. 

Official  Representative 
H.  E.  Duren 

Edwin  F.  Guth  Company 
2615  Washington  Avenue 
St.  Louis,  Mo. 

Official  Representative 
Walter  Wippern 

Hartford  Electric  Light  Company 
266  Pearl  Street 
Hartford,  Conn. 

Official  Representative 
W.  D.  Gorman 

Haverhill  Electric  Company 
121  Merrimack  Street 
Haverhill,  Mass. 

Official  Representative 
G.  W.  Hurn 

Holophane  Glass  Company,  Inc. 
340  Madison  Avenue 
New  York,  N.  Y. 

Official  Rejiresentativo 
Charles  I'Vanck 

Horn  &  Brannen  Mfg.  Co.,  Inc. 
427  N.  Broad  Street 
Philadelphia,  Pciui. 
Official  Hcprcscntative 
William  fforii,  Pres. 

Hygrade  Lamp  Company 
60  Boston  Street 
Salem,  Mass. 

Official  Hcpn'sentative 
K.  .1.  I»()()r 

Hydro-Electric  Power  Commission  of 
Ontario 
i()(>  I  riivcrsity  Avcjiuc 
Toronto,  ()ntario,  ( 'nnada 
Official  lieprcHcntaf ive 
F.  .\.  Gahy 

Irving  &  Casson-A.  H.  Davenport  Co. 

573  iioylHton  Street 
lioston,  Mass. 

( )fficial  {{cpn-scnlat  ivc 
David  ( 'rownlicld 


Krich  Light  &  Electric  Company 
306  Market  Street 
Newark,  N.  J. 

Official  Representative 
Max  H.  Krich,  Manager 

Kristiania  Elektrecitetsvork 

Kristiania,  Norway 
Official  Representative 
Ragnvald  Steen 

E.  B.  Latham  &  Company 

550  Pearl  Street 
New  York,  N.  Y. 

Official  Representative 
Harry  Heckert 

Lawrence  Gas  Company 
370  Essex  Street 
Lawrence,  Mass. 

Official  Representative 
Fred  H.  Sargent 

Leeds  &  Northrup  Company 
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Official  Representative 

I.  M.  Stein 
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^69  Broadway 
New  York,  N.  Y. 

Official  Representative 
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10  'Thacher  Street 
Boston,  Mass. 

Official  Rc^presentative 
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Maiden  &  Melrose  Gas  Light  Co. 
137  Pleasant  Street 
Maiden,  Mass. 

Official  Representative 
Harry  Walton 

McGraw-Hill  Publishing  Company 
^6th  Street  &  loth  Avenue 
New  York,  N.  Y. 

Official  Representative 
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Millville  Electric  Light  Company 

2-^3  High  Street 
Millville,  N.  J. 

Official  Representative 
Wm.  C.  Buell 
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20  Langdon  Street 
Montpelier,  Vt. 

Official  Representative 
C.  J.  Cookson 

Narragansett  Electric  Lighting  Co. 
Turks  Head  Bldg. 
Providence,  R.  I. 

Official  Representative 
Francis  A.  Gallagher,  Jr. 

National  Lamp  Works  of  Gen.  Elec.  Co. 
Nela  Park 
Cleveland,  Ohio 

Official  Representative 
W.  M.  Skifif 

National  X-Ray  Reflector  Company 

235  West  Jackson  Blvd. 
Chicago,  111. 

Official  Representative 
Augustus  D.  Curtis 

New  Bedford  Gas  &  Edison  Light  Co. 

New  Bedford,  Mass. 
Official  Representative 
Charles  R.  Price 

Newburyport  Gas  &  Electric  Company 

Newburyport,  Mass. 
Official  Representative 
J.  Lee  Potter 

New  England  Power  Company 
35  Harvard  Street 
Worcester,  Mass. 

Official  Representative 
Hugo  Rocktaschel 

New  Haven  Gas  Light  Company 
80  Crown  Street 
New  Haven,  Conn. 
Official  Representative 
J.  Arnold  Norcross 


New  York  Edison  Company 
Irving  Place  &  15th  Street 
New  York,  N.  Y. 

Official  Representative 
Clarence  L.  Law 

N.  Y.  &  Queens  Elec.  Lt.  &  Power  Co. 

444  Jackson  Avenue 
Long  Island  City,  N.  Y. 
Official  Representative 
Ray  Palmer 

Pennsylvania  Power  &  Light  Co. 

Allentown,  Penn. 

Official  Representative 
J.  S.  Wise 

Peoples  Gas  Light  &  Coke  Company 

Peoples  Gas  Building 
Chicago,  111. 

Official  Representative 
Charles  A.  Luther 

Pettingell-Andrews  Company 

160  Pearl  Street 
Boston,  Mass. 

Official  Representative 
Frank  S.  Price 

Philadelphia  Electric  Company 

1000  Chestnut  Street 
Philadelphia,  Penn. 
Official  Representative 
Joseph  B.  McCall 

Philadelphia  Electrical  &  Mfg.  Co. 

1228  North  31st  Street 
Philadelphia,  Penn. 
Official  Representative 
C.  L.  Bundy 

Pittsfield  Electric  Company 

Pittsfield,  Mass. 

Official  Representative 
E.  P.  Dittman 

L.  Plant  &  Company 

432  East  23d  Street 
New  York,  N.  Y. 

Official  Representative 
Herman  Plaut 

Portland  Railway  Light  &  Power  Co. 
Electrical  Bldg. 
Portland,  Oregon 

Official  Representative 
Francis  H.  Murphy 

Potomac  Electric  Power  Company 
14th  &  C  Streets  N.  W. 
Washington,  D.  C. 

Official  Representative 
H.  A.  Brooks 
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Providence  Gas  Company 
Providence,  R.  I. 

Official  Representative 
Charles  H.  Manchester 

Public  Service  Corp.  of  N.  J. 
Broad   &  Banks  Streets 
Newark,  N.  J. 
Official  Representative 
P.  S.  Young 

Public  Service  Co.  of  Northern  111. 
72  W.  Adams  Street 
Chicago,  111. 

Official  Representative 
Frank  J.  Baker 

Rochester  Gas  &  Electric  Corp. 
34  Chnton  Avenue  North 
Rochester,  N.  Y. 

Official  Representative 

Frank  C.  Taylor,  Elec.  Engr. 

Salem  Electric  Lighting  Company 

205  Washington  Street 
Salem,  Mass. 
Official  Representative 
S.  Fred  Smith 

Max  Schafifer  Comapny 
31-35  West  15th  Street 
New  York,  N.  Y. 
Official  Representative 
Max  Schafifer 

Shapiro  &  Aronson,  Inc. 
20  \N'arren  Street 
New  York,  N.  Y. 

Official  Heprcsc^ntative 
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23  N.  Water  Street 
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A.  H.  Smith 
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Southern  Electric  Company 
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Stone  &  Webster 
147  Milk  Street 
Boston,  Mass. 

Official  Representative 
Wm.  H.  Blood 

Suburban  Gas  &  Electric  Company 
150  Beach  Street 
Revere,  Mass. 

Official  Representative 
C.  F.  Chisholm 

Charles  H.  Tenney  &  Company 
200  Devonshire  Street 
Boston,  Mass. 
Official  Representative 
Cyrus  Barnes 

Tungsten  Wire  Works,  A.  B. 
gb  Ringvagen 
Stockholm,  Sweden 
Official  Representative 
J.  Gustaf  V.  Lang 

Union  Electrical  Supply  Company 
Providence,  R.  L 

Official  Representative 
Frank  L.  Falk 

Union  Gas  &  Electric  Co. 

4th   iV:  Plum  Streets 
Cincinnati,  Ohio 

Official  Representative 
W.  W.  Freeman 

Union  Light  &  Power  Company 
Franklin,  Mass. 

Official  Representative 
E.  S.  Ilainhlem 
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Springfield.  Muss. 
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Oflieial  Representative 
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Vincent,  Elliott  W. 
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Weston.  Edward 
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Williams.  Arthur 
Wilson.  Elmer  D. 
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Kiinii'lt,  DoiigliiNM 
Ciilliuun,  lirvin 
Calvert.  H. 
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(Jritzan.  L.  Leroy 
Mail.  Win.  Parker 
H.itch.  H.  K 
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Deshler,  Charles 
Donahue,  E.  J. 
Doolittle.  C.  M. 
Doughty.  H.  C. 
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Browne,  W.  H.  Jr. 
Bryant,  John  M. 
Camp  H.  M. 
Carpenter,  E.  P. 
Church,  Fermor  S. 
Clement,  William  E. 
Collier,  Charles  A. 
Crawford,  D.  F. 
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Dansboe,  W.  F. 
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